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PREFACE

r-`

This report is one of four reports written under Grant No. 9088D-

72 -01 fro% the Office of Economic Opportunity. At. its initiatiou;-the

project was to develop and explore a general economic framework to
4 ,

assess the potential effects of various proposed welfare reform
. ,

measures. When he grant began (July l972), work was divided into ,

three phase3: (1) formulation of a conceptual framework, (2) speci-

fication of necessary econometric methodology, and (3) analysis and
0

evaluation of existing data sources and future data needs. As the

possibility for welfare reform became more remote toward the end of

, OEQ decided that analyzing specific income maintenance plans

as not an optimal use of the remaining time and funds under the

A
1 J

ant and the plan fof the remaining research was altered from one

that emphasized conceptual questions to_pne-fhat explored the sources

of differences among existing empirical estimates 6f the amount of

time people supply to market work, a key factor in Congressional

debate on welfare reform.

This contains the results of the last phase of the project,

(")\
the sensitivity analysis of estimated labor supply parameters. It is

incomplete*in the sense that there was not enough time to explore all

possible sources of differences among recentelabor supply studies, r

and because it was often not'possible to indicate which of the speci-

fications tested was "correct." Future work is planned to rectify

these shortcomings; in the meantime, this study should provide a use-

ful uide to some major reasons for tle divergent results obtained

in recent empirical studies of labor supply.

The other reports written under this grant are:

De Tray, D. N., A General Economic Framework for Welfare Reform,
R-1346-0E0, The Rand Corporation, July 1973.

Smith, J. P., Family Decisionmaking Over the Life Cycle: Some

Implications for Estimating Labor Supply, R -1121 -EDA/0E0, The
Rand Corporation, November,1973.

Smith, J. P., Asgets and Labor Supply Over the Life Cycle, The
Rand Corporation, forthcoming.
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SUMMARY

Over the pastAeveral years there has been considerable public

and private debate as to how the existing welfare system should be

reformed. This debate, and &e alternative proposals generated by

it, has fostersed renewed study of hoW welfare-related government .

policies affect peOple's behavior, particularly how different welfare

reform proposals would alter the division of time between market work

and other activities. The central issue of this reporeis the sources

of the rather wide range of parameter estimates of labor'supply

responses yielded by previous econometric studies-based on cross-
,

sectional data. The task undertaken here is a sensitivity 'analysis
. ,

of the different methods and formulations by which researchers have

previously estimated labor supply responses; a step-by-step explora-

tion af alternative labor supply estimating equations is used to/

identify the independent (marginal) effect. of each particular change

the form of these equations. We consider the sensitivity of

response parameters to chp.rees in the measure of market labor supplied

by an individual, to changed in the way an individual's wage is

measured, to how nonwage-related income effects are estimated, and

to who is included in the estimating sample. By systematically

exploring what difference each of these changes makes to the'parameter

estimates, we are able t6 isolate which factors strongly affect esti-

mated response parameters.

For purposes of the sensitivity tests the sample consisted of

married white male. heads of households, aged 25-54. In the first

part of the analysis, the sample was further restricted by excluding

all individuals who might present special estimation problems.

Our analysis on this restricted sample using observed measures of

wages and net worth mainly confirms what past labor supply studies

have indicated:

° A negative bias is introduced into the wage coefficient when

the dependent variable (or some part thereof) is used to calculate

the wage measure.

6
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o

0 ,.
o There is some weak evidence of curvilinearity in the relation-,

ship between labor supply and wages, but only at very high and very'-
0

low wage .rates-

o Observed net worth and the amount of time individuals work

are positively, not negatively, related; the size and significance of
4

this relationship varies substantially among the differentcomponents

of net worth. ,

It is sometimes argued that imputed measures of Wages and

overcome many of the shortcomings and biases'that may be present in
r

, ,

observed measures; our experiment with imputed wages,dnd An imputed

measure of net wortfi led us to c nclude thap

o The coefficient of the imputed malf_wage 44 always More posi-

tive than that ,)f the observediwage....In,the equations explaining
-.

hours worked, f.11.1,s result is consistene with the negative bias

expected for observed wages. However; as long as the hours equations

include male,educatiO.as an explanatory variable, the sign of the
. .

imputed wage coefficiet is always negative and only slightly smaller

in absolute magnitude than the doefficient of the observed wage.
_..-

.

°) The sizt and sign of the imputed wage coefficient in equations

explaining hours of work are extremely sensitive to whether male edu-

, cation is included as an *explanatory variable in the labor supply

regression.

o Adjusting wage rates by cost-of-living indexes nas 'almost no

effect on estimated wage parameters.

o In equations explaining hours of work, the sign of the net wor h

coefficient (for both imputed and actual-delZ71;33inet worth) depen s

on whether the male wage variable is observed or imputed but not on
,

whether net worth is observed or imputed. When the observed male wage

is used in the regression, the sign of the net worth coefficient is

usually positive; but when the imputed male wage enters the regression,

the net worth coefficient is negative, at least for regressions based

on the restricted sample.

? Adjusting imputed wages and imputed net worth for experience

or age in general changes the respective coefficients in the "right;'

direction -- that is, in a positive direction for the imputed wage

7
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coefficient and in a negative direction for the imputed net worth

coefficient.

° Changing the, specification of the regression used to impute

net worth can affect sign of "the net worth ,coefficient in the

labor supply regression;when children and home status are left out

of the net worth imputing regression, the relationship between imputed

net worth and labor supplied.changes from negative to positive.
/

.The relationships between imputed wages and the two components

of labor supply, weeks worked per year and hours worked per week, are

often of opposite sign, as are the relationships between imputed net

worth and the two'labor supply components.

° Neither the husband's wage nor the net worth coefficients are

sensitive to whether wife's earnings, wife's observed wage, or wife's

imputed wage is entered in the labor supply regression.

Our final tests concerned the effect of sample composition on

estimated wage and net worth parameters. We added back to the sample

the various groups that were excluded from the initial restricted

sample because they presented special estimation problems and found

that:

r'N
-0 Both the net worth and male, wage coefficients become.more

positive as the sample becomes less_ restricted.

° The most dramatic positive changes in the male wage and net

worth coefficients occur when men who did not work the week preceding

the survey (especially those who did not work at all in 1966) are

added to the sample.

o When dummies representing the reasons for initial'exclusion

(for example, disability and student dummies) are included in the

regression equation, there is less difference between parameter esti-

mates'for the restricted and unrestricted,Samples, but the wage and

net worth coefficients still become more positive as the sample becomes

lessLrestricted.

o The divergence in results between studies that use observed

wages and those that use imputed wages are not only due to use of

different wage measures: but to differences in sample composition

as well. When observed and imputed wage coefficients are computed
,
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for the same sample, the latter is usually more positive tan the

former. This difference is accentuated because studies that use

observed wages must restrict their samples to those who report wages,

whereas studies that impute wages tend to be less restrictive in

defining their samples, usually including nonworkers.

Major _differences in estimated wage and income effects can of n

be attributed to one of three factors: -(1) the measure of labor supply

ed, (2) the broadness of the sample used, especially the inclusion

of i dlvidualswith zero values for the dependent variable, and (3)

for, those studies that, used imputed wages, the inclusion or exclusion

of education in the labor supply regression. The resolution of the

differences resulting from these factors is beyond the scope of this

-report, but our findings should be useful guides for future theoretical
.

and empirical`research'on labor supply.
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I. INTRODUCTION

Over the Past several years there has beep considerable public

and private debate as to how the existing welfare system should be

reformed. This debate, and the alternative proposals generated by

it, has,foStered renewed study of how welfare-related government

policies affect people's behavior, particularly how different welfare

reform /proposals would alter the division of time between market work

andlother activities. These labor supply effects determine thd

. distribution of transfer payments under a program, the work patterns

of the recipient population, and the ultimate cost 'of the program.

Thus, the potential labor supply effects of various welfare reform
,-,

propdaalsjiave played and will continue to play a major roe in

determining which, if any, of those proposals eventually becomes law.

LI attempting to predict the labor supply_effect of income

maintenance programs, economists have emphasized two features: the

base level of support and the "tax rate." The base level of support

defines the income guarantee and is the maximum transfer a household

can receive under the program. Under almost all of.the proposed

reform programs, the amount of transfer is reduced as more income

is received from other (nonprogram) sources; for ,gxample, for every

dollar a family member earns, the family'forgoes some fraction of,a

dollar of welf re payments.' The rate at whidh welfare support is

withdrawn as a ditional income from nonprogram sourcea\tomes into

the family is commonly referred to as the pre ram tax rae: According

to conventional economic theory, both the into, e 'transfer and the

tax rate of an income maintenance program will tend to reduce the

amount of market, wdlik that family-members Want to supply. What

economists have attempted to determine.is the magnitude of the change ,

in market labor supply under different levels of transfer and'dif-

ferent rates of taxation.

The central issue of this report-is the wide range of parameter

estimates of labor supply responses produced by previous epalometric

studies based on cross-sectional data. As is well.documented in a

12
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collection of such labor supply studies edited by Cain and Watts,(1973),

the rangd'of parameter estimates is far too great to make these studies
-

of much se to'policymakers trying to choose among alternative income

maintenance pr grams. oreover, because the methodologies of these

stud es vary i several ays simultaneously, it is difficult to pin- 1

point he exact cause of'diveigence empirical results. The

k

taskwe:undertake.hereAs'a sensitivity analysis of the different

methods,and formulations by which researchers have previously esti-

mated labcirsuppiy responses. Our .approach is a step-by-step expj.ora -1

tion of-Alternatiire labor supply' estimating equations that attempts

to identify the independent (marginal) ef's,ctof each particular

change V: tfie forth of these equations. We consider the sensitivity

of reapoUse'parameters to changes in the measlre of market labor

tas supplied.by an individual, 6 changes in the way an individtl's

wage is measured, to how nonwage-related income effects are estimated,

and tzrwhb s'and' who is not included in the estimating sample. By

s stemat cally exploring what difference each of these changes makes

to he p rimeter estimat es, we are able to isolat which factors

Str affect estimated response paramaers. Future research can

then

yke a\Jd

Alth
%.

on resoli4ng those methodological issues that do

fference.

his study examines the sensitivity of estimated labor

supply response parameters to many of the methodological choices

made in the past, we make no claim to testing. the sensitivity of

°the parameters to exerypossible methodological permutation. Time

and resource constraints forced us to make certain arbitrary cl'cisions

about what to explore. We concentrate on approaches frequently used

in previous research and in general do not attempt to advance the

state of the art. Moreover,, we do
npt

explore the sensitivity of

labor supply parameters,altericati:e data sets or to alternative
"

estimation techniques. In keepAng with most-recent labor supply

research, we use the 1967 Survey of- Economic Opportunity and the

ordinary least squares regression technique:-
/

Section II of this report briefly surveys the alternative

.13



methodological approaches used in recent labor supply stulles and

examines their possibl. shortcomings. Our sensitivity tests of

these different approaches are presented in Section III. Section

IV contains our acnclusionsand recommendations for future work.

14
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II. A COMPARISON OF RECENT LABOR SUPPLY STUDIES

In the introchiction we noted that the werequisites to predicting

the effects of income maintenance programs on labor supply are estimates

of the influence of changes in tax rates and income on the hours of work

of potential program paitfeipants. These estimates may be obtained

through controlled social experiments or through analysis of nonexperi--
.

mental,cross-sectional, data. GiVenthe amount of both,time and money

that social experimentation requires, many researchers have attempted

to obtain the necessary estimates ftom'e3risting cross-sectional. dati--

sets. II\this sectiqwwe review recent labor supply studies that use

cross - sectional survey data to point out the substantial disparities{

among the estimated response parameters in'these.;studies. We theri-
.

desribe some major problems that researchers face when they attempt

to infer from cross-sectional survey data how individuals might react

to an income maintenance program.

'Although nonexperimental data have been used to examine the labor.

supply of a number of different demographic groups; probably the great-

/
est attention--at least in recent studies concerned with the effects

of income maintenance programs on labor supply--has focused on primary

workers, particularly married male heads of households in the prime

working-age category. This group is of particular interest b9th

because it supplies a large portion of the total market work effort

and because under many income maintenance proposals families headed

by working males would be eligible for benefits for the first time.

We focus on married male heads of households since this group repre-

sents a common denominator of somany recent studies.

Table 1 presents an overview of twelve recent labor supply studies.,

These studies are all considered in a recent review of/the labor supply

literature by Glen Cain and Harold Watts (1973). Many, in fact,

appear as chapters in the Cain-Watts book. All'of these studies ;'

consider pram-age married males in the analysis, althoughin seVeral
-1

of the studies labor supply functions were estimated for other de

graphic groups as well.
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Notes to Table 1

aLabor supply parameters were separately estimated for each of

the groups identified in this column.

bGreenberg and Kosters (1970) developed an independent variable
that, is intended as a control for variations in preferences for asset

acc ulatpn. Fleisher, Parsons, and Porter use a somewhat similar
.variable ghat they interpret as repr4senting the deviation between a

7 household'-s\observed assets and its "desired" assets.

7 . \

c
Through most of his analysis. Garfinkel excluded nonparticipants

he did compu e with such persons included, each nonparticipant was
in from his sample. However, in the fek4 regressions

he
assigned an imputed wage rate.

each of ihe p-op-ulation, groups studied, separate re re

were estimated for blacks and whites.

eIndividual data were grouped into cells on the basis of age,
sfze of household, wage, rates, income, and several other variables.
Regressions were ,then run,across the means of these cells.

(Some of these groups overlap. Separate analyses were conducted

for wives, and for a group- including both single men and married men

. whose wives did not work. In addition, there was an attempt to calcu-,

late male and female income and substitution effects jointly for a

sample that included both husbands, and wives. Persons without spouses

were excluded from this latter group.

.

gIndividual data were grouped into cells on the basis of wage

rates and nonemployment income. Income and substitution effects were
estimated by comparing adjacent cells of the resulting cross-tabulation.

hOnly the wage rates of nonparticipants in the laborforce were

imputed. The reported wage of participants is used.

kWage and substitution effects were estimated jointly for married

men and married women, subject to the restriction that the cross -

substitution effect of the men's wage on the women's laborsappry
would be equal to the effect of the women's wage on the men's labor

supply.

mAggregate data for SMSAs are used. That is, the regressions

were run across the mean or median values for the 100 largest SMSAs.

The labor supply measures are the-proportion-of aZZ married males and

married fethales, 25 to 54 years old, )4f each SMSA who participated in

the labor force in the week preceding the 1960 Census. The wage vari-,

ables are the median 1959 annual earnings of all males add.all females

in each SMSA who worked 50-52 weeks in 1959. By applying tZhese wage

measures to aZZ residents of an SMSA 25 to 54 years old, a wage value

is in effect imputed to each,.including nonworkers. Moreover,'-at one

17
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point i the analysis wages are treated as endogenous, which is equiva-
lent totusing an instrumental variables estimate of the wage (an i5puted
wage).

n
Separ e regressions were estimated for rural and urban residents.

Married 1:les with zero hours or,;with nonworking wives were
excluded from thi sample. Separate regressions were estimated for
a sub-sample that on included whites.

(lAshenfelter and Heckman (1973) used an imputed measure of. total
income (but the actual wage rate) in th'ir labor supply regr4osigns

laan attempt to ccntrol for Variation in preferences for apset accumu-
tion.

4-

18.,

ft
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The table suggests several important similarities among many of

- these studies: Seven of them, for example, use datafrOm the 1967

. Survey of EconOmic Opportunity and all but two use ordinary least

squares regression techniques. Despite such similarities, however,

results from these?studies are-disturbingly varied. This is indicated

by Table 2
\

cadapted from Cain and Watts, 1973), which presents point
4

estimates of\the income and substitution effects that were obtained

in each of these studies. Not*, for example, that Greenberg and

Kosters (1970); Garfinkel (1971); and Boskin (1970) all used the

same data base and roughl
, . ,

mates are sufficiently div

conclusions. '-
Divergences among the results of- revious attempts to esti

ss s

t

11-labor supply schedules from cross could result
o
from

_

several sOgrces: ,(1) differanc-s in 'the measurement of the major

he same population group, but their'esti-

rse to lead to considerablydiffaXent policy

variables whose relationships are to be estimated--labor supply

wage rates, and household income or wealth; (2) the techniques used

to control foi factors other than wa'e rates and income that influence

labor supply; and (3) differences in the sample of househoWs,or indi-

viduals used in the studies. These, three sources of differende among

labor supply studies are highly interdependent, For example, whether

certain observations can be: in the sample is contingent on
400

) whethar#the wage rate and wealth variables are constructed directly

from observed data or imputed.

One consequence, of such interdependency is that t)he methodologies

used in Rrevious nonexperimental studies have varied in several ways

simultaneously, making it diffieult to pinpoint,the causes of divergence-

in theiXempirical ,results. In the mpiridal part of .this stugu. we

attempt to remedy this by proceeding\in a step-bystep fashion, so

that the sensitivity of the resulus to choosing one methodological

alternative rather than a other can be demonstrated.
.

,

Before presenting res lts from our various sensitivity tests (see ---

Section III), we first discuss some major prO4ems in Constructing wage,

wealth, and labor supply measures and in selecting a sample population

for nonexperimental labor supply studies'and indicate how previous

e
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studies have varied in their approaches o these problems. Our compari-

son of how labor supply researchers live defined their variables and

selected theix/samples is basedon a detailed review" of seven studies,

the results of w hich are reported in tabullr form. In constructing

the sensitivity tests, howevEr,' we have attempted to emphasize broad,

basic differences in past approaches, rather than to replicate the

methodologies of specific studies. In this way the number of comoari-

sons we make can be kept sufficiently small that the more important,

differences in methodblogies'can be assessed.

THE TRANSITION'FROM THEORETICAL TO MEASURABLE VARIABLES
1

,

The variables that are used in a theoretical model of househOld

behavior are oft i not easily defined and constructed with available

data. This subsection deals with the important transition from '\,

theoretically correct variables to_their,empirical counterparts and

with some of the biases that may be introduced in the process.

Many of the methodological probleims that researchers face,in

constructing the variables necessary to estimate labor supply responses

stem from the influence of various life cycle effects. Over their

lifetimes individuals allocate their time4between market work and

other activities in response to their expected lifetime pattern of

wages and prices of goods (Ghez and Becke?, 1972; Smith, 1973).
2

In any single period a person's labor supply decision is based of

only on his characteristics'(for example, wage rate) in that period,

but also on these in other periods. 0

The economic theory underlying nearly all labor supply studies

(for an exception* see Smith, 1972 is really only correct for relating

Zifetime average labot supply to lifetime average wages and, wealth_

levels. However, although the theory requires lifetime averages; the

1For a fuller treatment of many of the issues discussed -in is

subsection, see :DaVanzo and Greenberg (1973) and Greenberg (1972).

2'Other important factors that influence the lifetime allocation of

time are rate,! of time preference, rates of. interest, and tastes for

consumption and work. (
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data used usually contain information on individuals at only a single

point in time. Since these individuals are often at different points

in their life cycles, in looking across families at a point in time,

we risk confusing "true" differences in labor supply behavior tdif-

ferences in lifetime averages) with differences related to life

cycles.
1m

If thetrue reladonship between lifetime averages is to

be accurately assessed we,must in some way "purge" our independent

and dependent variables of intertemporal or life-cycle components.

One way of empirically implementing a one-period labor supply model

is to assume that'hours of work supplied by family members at any

point in their life cycle;consists of three,' components - -a permanent,
-

(average) - lifetime level of hours 1,Yorked,'a component related to the

life-cycle position'of the individual, and an error component. Simi-

larly, observed wages (and income),at any point in the life cycle

consist of three components: an exogenous permanent component, an

endogenous life cycle component, and a measurement .error component.

We want ultimately to have an empirical framework in which we can

estimate the response of permanent hours to changes in the permanent.

level of wagers and income. /This problem can be approached in at

least two ways. On one hand, the dependent variable- -the amount of

labor'supplied--may be purged of its age-related,component by

including age as an inuependent variable, in the labor supply regres-

' sion. On the* other hand; the independent variables of interest can

be purged of their age components by

/

estimating those age components

and then subtracting them from the ariables. In general, if permanent

and time - related components are,uncOrrelated, these two methods should

yield the same parameter estimates/for wage and income effects.
2

In

Section III, we test the sensitivity of labor supply estimates to these

two approaches.

'1For a detailed analysis of the potential independent effects on
labor supply.of such life cycle phenomena as interest rates, time pref-
erences, and wage paths see Smith (1972, 1973).

2
See Appendix A for a proof of this statement.
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Consideration of these intertemporal factors in labor supply
I

studied. is a relatively recent phenomenon. Labor supply economists

have, of course, faced numerous other serious estimation problems,

many of which,are c osely related to life cycle considerations. It

is to a discussion, of these more traditional problems of labor supply

estimation. that we now turn. We first discuss the major methodological

problemg associated with defining the two principal explanatory vari--

ables--that is, with appropriately representing the changes income

maintenance programs take in wage rates and income levels. Then

difficulties in constructing the labor supply measure are considered.

The techniques used in the first seven labor supply studies in Tables

1 and 2 to construct these three variables appear in Table 3.

Wage Rates,

Since an income maintenance program presumably represents an

unexgected change in families', environments, one must have an accurat

estimate of how people respond to an exogenous change in their market

wage rate to determine the laboi supply effects of program taxes on

earnings. To estimate the effects of a change in wages, One needs a

measure of the amount of'market goods and services that can be exchange
. .

for an additional hour of market work. Since individuals are assumed

to make this decisiqh at the margin, the marginal wage rate should be
4

*

used to providesan accurate estimate of the effects of 4 wage change.

The best that most micro \data sets supply, however, is an average

wage uncorrected for such factors as-federal, state, and local tax*

cost of living; and nonpecuniary returns to work time. As Table 3

indicates, several researchers (for example, Hall, 1971, and Boskin,

1970) have attempted to adjust wage measures for federal income taxes

and cost-of-living differentials. In Section III we explore the

sensitivity of estimated wage parameters to adjustments for cost-of-

living differences across geographic regions.
1

-We chose this particular aspect of the wage adjustment for two----5

reasons.'4eirst, the sensitivity of wage parameters to changes in
'federal tax rates has already been considered by T. Paul Schultz in

a forthcoming tabor supply study. Second, it is unclear just how
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Key to Table 3

Subscripts

a : adult members of household where a = 1, 2,' ..., n

adj : variable adjusted for geographic' differences in priOes
and to net out paywents made under the federal income
tax system

w : data pertain to the week. before the survey

y %: data pertain to the year before the survey

predicted or imputed

Labor Supply

FTLF : 1, if normally worked full-tite or worked part-time
because of slack work; 0, if worked part-time volun-
tarily

FTWK : 1, if normally worked full-time; 0, if normally worked
part-time

HRFT time available for market work

HRLF : hours in labor force per week

HRWRK : hours working per week

LFP : labor force participation

LFP(1) : 1, if in labor force at any time during time period;
0, if not in labor force during time period

LFP(2) : 1, if in labor force at least 26 weeks; 0, if not in,
1abOr force at least 26 weeks

LFPR : labor force participation rate (applicabla only to
grouped or aggregated data); the proportion of the
group that was in the labor force at any time during
the time period

WKLF : weeks in labor force (weeks working plus weeks unem-
ployed)

WKWRK : weeks working

Wages

E own earnings
.

ES spouse's earnings

WG : antilogarithm of imputed logarithm of hourly wage =
--------------.

241(E
w

1 HRWRKw)
e

28
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'Income and Assets
(the following pertain to the household as a whole)

ANNU : regular payments from life insurance, annuities,
royalties, trust funds, etc.

131) : debts owed by business or farm

BI : business or farm ,income

BOND : value of bonds, government bonds, stocks, etc.

BV : market value of business or farm

CD : debt Owed on vehicles

COMP :
workmen's compensation, illness, or accident benefits

CONT : regular contributions by persons outside thd houSehOld

CV : markqy value of vehicles

DBT :
noninterest debts (debts owed doctors, hospitals, other

people) utility companies, etc.)

DBTI : debts owed stores,,banks, and lending institutions

DBTPY : monthly payment against DBTI and DBT

HD : debt owed on own home

HV market of own home.

INC : total income from all sources
41-

INT I: interest and dividend income

LUMP :
one-time-only money receipts (net profits from the sale

of assets; lump sum payments from insurance policies,

pensions, funds, etc.)

LV : personal loans to others

MC ' : money in checking accounts

MI money in'interest-bearing accounts

t NEY nonemployment income

PEN : pensions

PV : value of other personal property (excluding clothing,

furniture, etc.)

RD : debt owed on real estate holdings
)

RENT : rental income receipts

RV : market value of real estate holdings,

SS : Social Security or Railroad Retirement

UNPL : unemplo ent insurance receipts

VET : veteran's isnbility or compensation

WEL . welfare re ipts

29
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Notes to 'fable 3

a
Greenberg and Kosters attempt to control for the possibility

that individual preferences for asset accumulation jointly determine
hours worked and the assets used in the construction of the income
effect variable. They divide the unexplained residual from a supple-
mental regressioa of asset Moldings on age, age squared, and wages by
the worker's total human and physical net worth and then introduce
this measure into-fhe labor supply function as an additional explana-
tory variable. r

-19-

ARLF-calculated by assigning a value of 40 hours to involuntary

part-time workers; a value of 24 hours to those working more than 24
hours who expressed a preference for part-time work; and the value of
actual hours worked to all other persons.

c
The larger of the values enclosed by the brackets is used;

d
Garfinkel 'attempted to control. for non-monetarized sources of \

nonemployment income by entering. the following as independent variables:
I.(BV -.BD), (HV - HD), (CV - CD), (MI + MC), (DBTIcf DBT), and PV.

e
A two-stage procedure is used: first the probability that a

;potential worker being in the labor force is estimated; then the/
individual's hours of work, conditional on his participation, are

e

estimated. Thbs,,LFP(2) is treated as am estimate Of/the conditional
probability of participation. > 7

(Hall includes persons who are out of the labor force in his

regressions that use E WG as a dependent variable; Boskin excludes
these indfviduals.

gPredicted or imputed wages were computed from the following wage
equation, which Was estimated, by computing separates regressions for
each race -sex group, with dummy variables Edb each of the other
characteristics:

tn(E
w

HRWRK
w

)
i,j,k,l,m,n,q,r

A
A A

+ A
i,j,m,n i,j,n

e
i,j,q 4. 8i,j,r

,where

= 1,2

j = 1,2

for white and black

for male and female
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k = 1, ..., 9 for age groups 1

, 1 = 1, ..., 9 for years of education ,groups :.

in = 1, 12

m = 1, ..., 40

for SMSAs (Hall)
t

for geographical locAtion of labor 1

market (Boskin)

for 1.1.S:and foreign residence at age

16
n = 1,2

q = 1,2

r = 1,2

for nonmember or member of a union

for no health effecun work or some
effect

The antilo arithms of the wage rates that were estimated from this

equation G) were adjusted for\geographical differences in prices

and for the federal income tax. hus, the wage measure is purportedly

an estimate of the real post-tax hourly wage rate.

hThe measure of non-wage income that appears here for Boskin is

the one he explicitly describes on his page 51. However, he also

footnotes all at this point. Since in a number of respects Boskin

utilizes Ha l's.research, which preceded his own,'it is possible

that his meas may actually be identical to Hall's, minus Hall's

'first term.

kHall's measure is the sum of non-labor income (including unob-

served flows imputed to assets) and the annual dollar value of the

time 'each adult family member has available for work. He calls this

measure "whole income." For most adults HRFT, the annual time avail-

able for work, was assumed to equal 2,000 hours. Individuals in

school were assumed to have 500 hours available. "Individuals

reporting physical disabilities that prevented work or limited their

amount of work were assigned potential hours of work between 0 and

2,000 hours according to a formula that took account of the nature

and length of the disability."

mBoth measures were used in order to separately estimate the

effects of wages and income on two distinguishable dimensions of

labor supply: weeks per year and hours per'week.

Both measures were used in order to separately examine the

determinants of labor force participation and `annual hours. Since

the wage variables could not be constructed for those who did not

work during the year prior to the survey, it was not used in regres-

sions that 'explain LFP .or LFPw
J

p
HRLF average hours per week in the labor force, is based on

interview questions on weekly hours during both the year and the week

prior to the survey. The actual estimates are giVen in the following

table:
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1A1

Labor ForcesStatus,
During Week

Prior to Survey

Full-time

Part-time:
Slack work
Other reasons:

Usually part-time
Usually full-time

Not at work

Hours Usually
Year Prior

Usually Full-time

reported HRWRK---
w

40 hours

40 hours
40 hours

40 hours

Worked During_
to Stirvey

Usually Part-time

30 hours

35 hours

reported HRWRKW
30 hours

20 hours

(1Persons who did not work at least one week during the year prior
to the survey were excluded from regressions that use WKLF .HRLF

w+y
as the dependent variable.

r
HRWRK104.

y
, average hours worked per week, is based on interview

questions on weekly hours worked during both ,the year and the week
prior to the survey. The'estimates actually imed,are given in the
following table:

Hours Worked
During Week

Prior to'Survey

'Hours Usually Worked During
Year Prior to Survey

Usually Full-time Usually Part-time

Full-time

Part-time
Usually, part-time

Usually full-time

Not at work

reported HRWRK 25 hours

35 hours
40 hours

40 hours

reported HRWRKw
25 hours

20 hours

s
For those working one to thirteen weeks during the year prior to

the survey, Cohen, Rea:, and Lerman used a wage derived from the occupa-
tional median income for full-time workers, instead of the formula
reported in Table 3.

,tImputed dr piedicted wages for non - participants in the labor

force w re estimated by matching such persons to,workers on-the basis
of t following six characteristics, with each characteristic broken
do into two or more categories as shown: spx (male, female); age
(18 4, 25-39, 40-54, 55-64); last grade completed in school (0-7,'
8-11, 12-15, 16 and over); race (white, non-white), SMSA (in SMSA,
not in SMSA); region (South, non-South). Each nonworker was assigned
a potential wage rate based on the corresponding characteristics of
workers.
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uVariable used is the median value.for each SMSA for those in the

sample who worked during the year preceding the survey.

t
sample who received some sort of income during the year preceding the

survey.

WAll the observed income components that appear in these two

columns pertain to the year preceding the survey.

vVariable used is the median value for each SMSA for those in the



-23-

Although wages for workers are usually reported in data sets as

averages rather than in the desired marginal form, observed wages

for.nonworkers are seldom vailable at all. One approach to'this
\

problem, which we use in the'first part of"our empirical work, is

simply to exclude these persons from the sample. However, this approach

may result in an underestimate of labor supply responsiveness to income

maintenance programs by precluding analysis of withdrawal from the'

labIor

force.
1

Later in the empirical work, therefore, we examine the
,

sensitivity of labor supply estimates to an alternative approach that

allows nonworkers to be included in the sample. This approach, which

has been used by Tella, Tella, and Green (1971); Schultz (forthcoming);

Hall (1971); and others, involves imputing a "potential wage rate" for

nonworkers 6 the basis of the wages observed for persons of similar

characteristics for whom a wage is reported.

Although imputing wage rates does permit nonworkers to be consid-

eted in labor supply studies, the imputation process itself raises a

number of serious questions. One difficulty is that underlying this

approach is the assumption that)for a given set of charactgristics

those who do not work face the same potential wage rate as those who

do. Since the latter group works, but the former does not, either

their actual potential wage rates differ or they entertain different /

options for productive nonmarket use of their time (see De Tray, 1973b).

In addition, for groups with relatively low labor fOrce participation

rates, such as married women, the average wage of those who work may be

an upward biased measure of the average wage offer for all members of

weg should be corrected for taxes; some studies have indicated, for
example, that, taking all taxes into account, the tax burden in the
United States is approximately Proportional to income in the income
classes that include most of the population. (See, for example, Tax
Foundation, Inc., 1960, anJoseph A. Pechman, 1969, Table 5). If

sa, adjusting wages for one or two progressive taxes, such'as federal
and ,state income tunes, may cause more serious errors_than would not
correcting for taxes at all.

I
Also by excluding people at one end of, the range of the dependent

variable, it is more difficult to discern the shape of the curve at that
end. .In addition a smaller sample size produces less efficient esti-
mators.
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group. A serious "selectivity bias" may be introduced into the

analysis if wages are imputed to nonworking-women. based on a sample

of working women (Gronau, 1972)4 Exploring the extent of the problems

associated withtimputing wages is beyond the scope of this study, but

it is important to-keep such problems in mind when the sample is

extended to nonworkers.

Several biases that arise in estimating wage effects'on labor .

-,,

supply with observed wages may be lessened if ah im ted wage is'used

for all persons in the sample, even for the ones w o, have an observed

wage. We will explore this pqssibilicy by comparing wage estimates

based on observed wages with those based on imputed wages: It is

important to recognize, however, that the imputed wage methodology is

far from perfected. In practice, the empirically estimated wage

equations that we and others use to impute wages account for a small

to moderate proportion of the variation in observed wages ,(our R
2
s

range from .11 to .30). The -J is a substantial risk'that in.uaing

an imputed wage we are throw.Lag away valuable information contained..

in the unexplained residual ofthe wage equations.

It is possible nevertheless that use of imputed wages corrects for

several sources of bias. The observed wage variable, for example, is

usually con-N tructed by dividing a measure of total earnings over some

period by the amount of,time (usually the number of hours) worked

during the period. If, as "is often the case, one or more c". the data

elements used in the denominator of the wage rate variable is also

used to onstruct the labor supply measure, errors in reporting labor

supply will negatively bias the estimated relation between labor supply
4fr

and the wage rate. In Section III we examine the importance of this

bias by (1) comparing results using observed and imputed wages and (2)

'estimating the relationships between various measures of market work

and market wage,'some of which are subject to this bias and some of

which are not. In addition, the estimated wage coefficient is subject

to the standard errors-in-variables bias. If there are errors in the

wage variable that are independent'of the labor supply measure (and

of the disturbance term in the labor supply equation), the wage
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coefficient will be b ased toward zero. Imputed wages will help cor-

rect for this bias als .

Even if measures 0 observed wages did not contain data elements

also used to construct Tabor supply 172iables and were measured with-
._

out error, they couldst 1 yield biasedaestimates of labor supply

responses. In many instan es wage rates may be determined lointly

with'other behavioral decis ons. For'example, certain unobierved Jl

"factors, suctias tastes for work, may affect both Wage rates and
,

labor supply. Moreover, as a.longer.time horizon As considered,

wages become increasingly more endogenous because/they can be affected

by work experience, on-the-job training, and other investments in

human capital. Imputed wages may help to correct for.this simultaneity

bias:

Yet another source of bias in the estimated wage coefficient may A

arise becausg current observed wage rates maybe systematically re-

lated to the wages people expect to receive the future. Since

current behavior may be partly determined by future expectations

(see Smith, 1972, 1973), ignoring expectatil5ns regarding future wage

profiles over the life cycle introduces an omitted variable bias into

the regression analysis that can seriously distort the resulting coef-

ficient estimates. This bias cannot be removed through use of the

traditional type of imputed wage and is too complex to explore sully

within the context of this report. Nevertheless, in Section Ili, we

"experience adjust" the wage rate in an attempt to b;Ang everyone back

to the same point in their life cycles. This adjusted wage can be

viewed as an estimate of the lifetime average wage, which, as indi-

cated above (pp. 12-13), is tivi theoretically correct wage measure.

'4, related problem is caused by,wages that are transitorily high

or low. Transitory wage changes should yield uncompensated wage

effects that are algebraically larger, than those for a permanent

(lifetime average) wage change of the same magnitude because the

person not only substitutes work now for leisure now but also work

now for leisure later. Also the income effect is less from a transi-

tory wage Change than from a permanent change. In other words, ,the

substitution effect is larger and the income effect smaller from a

one-period wage change than from a permanent change (Smith, 1973).
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Iiputed wages will remove the transitory elements from the wage vari-

able but not from the labor supply measure.i Only if changes in labor

supply due to transitoeTwage 6-.anges are independent.of all the''

control varfablesIdoes the imputed wage technique completely solye

this problep\.

Although our empirical work concentrates on 'married males, the

labor they s4ply may depend on the earnings capacities of their

wives as well as on their'own. This is especially important in

welfare reform analysis because an income maintenance program will

affect the wage rates of all family members. la Section III, we
r,

examine, the sensitivity of the estimated labor supply functions of

married males to three ways of treating the earnings capaCities of

their litives:1 wife's observed earnings, wife's observed wage rate,

and wife's imputed wage rate. Each of these approaches presents

some probleps: ea ings incorporate wife's labor supply, which is

endogenous, and mplicitly assume that nonworking wives have a poten -'

tial wage 'of zero; dot all women.have observed wages; imputed wages

for wives
/have

the same limitations as imputed wages for males, but

selectivity bias is a more serious problem for women. Although none

of thes:./approaches are completely satisfactory, they are sufficiently

different that the sensitivity of male wages and income. coefficients

to different specifications should be discernible:

Income Effects: Nonem.14, sent Income and Net Worth

The assumption that eisure is a superior good leads ode to

expect, a negative relationship between income and'the amount of labor

supplied, other things the same. Because welfare programs will change

families' incomes, an accurate assessment of the income effect is

important in its own right. Past interest in measuring this effect,

however, has often stemmed from the large, negative, uncompensated

wage effect that many labor supply studies have prodUced. To achieve

the positive compensated wage effect that economic theory predicts,

given a negative uncompensated effect, the estimated income effect

'must be of the expected sign (negative)' and of sufficient (absolute)

magnitude to more than offset the negative uncompensated wage effect.

37
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In s* instances,\estimated income effects, far from being sufficiently

small 'calgebraicall ) to offset uncompensated wage effects, are of the,

wrong Sign.
1

4qbe variables m et commonly used to estimate income effects are:

(1) nonwage (nonwor.-related) income (for example, Garfinkel, 1971;

Greenberg and Kosters, 1970); (2) "other family income"--the house-

hold's total money income less the earnings of the individual whose

labor supply is being estimated (for examples Cohen, Rea, and Lerman,

'1970); (3) total family income, including the.earhings of the indi-

Vidual whose labor supply is being estimated (for example, Ashenfelter

and Heckman, 1971, 1973); and (4) family full income -- nonwage income

plus the money, income die family could earn if its members devoted all .

_._

their time to market work (for example, Hall, 1971). WYien the first

two income variables are used the coefficient of husband's wage is

interpreted as the uncompensated wage effect, implying, that the

compensates wage effect varies with hours worked. For the third

measure (total family income) the husband's wage coefficient ia a

\direct estimate of the compensated wage effect. With the last income

measure (full income), neither the compensat d nor the uncompensated

wage effect is estimated directly.
2 ..

For, each of the'four income measures nonwage income provides the

variation in income that is'independent of the wage rate. Therefore,
I

. .._.

to examine exogenous variations in income that are independent of\
1 ,

,.'

changes in the wage rate, a variable must be constructed from noneur
, \

ployment income flows.\ One problem in constructing the nonwage
...

\
inc.me variable correctly arises distinguishing transitori sources,

of these flows from more permanent
1

soUrces. Another problem is that
I

much of the nonwage income families receive in monetary form are trans-.

fer payments--for example, unemployment compensation, social security,

welfare, and disability insurance--that to some extent are contingent

1
For example, see Kosters (1969).

2
See Appendix B for documentation of these statements.
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on not engaging in market work. An additional problem is that non-

monetized returns from such assets as one's home and automobile cannot

be directly observed and are not easy to measure accurately. Thus,

developing the nonwage income variable ugUally involves imputing flows

from assets by establishing interest rates for different categories

of assets. However, even'if an appropriate interest rate is used,

total family nonwage income will be undeItated since the values of

\many assets, such-as TV sets and home appliances, are not reported.in

most data sets. Furthermore, ones might also argue that one's own

children represent an asset--certainly the number of children a

family decides to have may be traded off against more traditional

physical assets. But here, of course, measuring the nonmonetized

flow is extremely difficult. Estimates of income effects may be

quite sensitive to which asset components are included in the nonwotk-

related income measure.

One problem with using assets, or the flow from those, assets, to

estimate income effects is that, at any point in time,.the level of

assets may be endogenous to most family decisionmaking. Because assets

are generated from past labor market earnings, life cycle patterns of

assets and labor supply'are simultaneously determined by similar'

economic factors (Smith, 1973). A substantial proportion of the

crow- sectional variation in labor supply and asset levels may merely

be a reflection of variations in life cycle positions, time preferences,

tastes for assets,or lifetime patterns of market wages, and may have'

nothing to do with the causal relationship between income and labor

supply.

In using assets to estim te income effects, an effort should be

made to purge them of their endogenous, time-related component. As

with wages and labor supply, t e theoretically c rrect measure of

Assets is their lifetime averag level. In Sec on III, we construct

an age-adjusted, imputed assets v iable mputing should help cor-

rect for simultaneity bias and rid the variable of transitory compo-

nents. Age adjusting' should help control for life cycle variation in

assets. 39
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Since nonwage income'is a component of each of the four variables

used to measure the income effect, these measures are all subject to

the asset-related problems just discussed. Moreover,, the other family

income an total family income measures present additional estimation

rproblems

;total

they depend on the amount of time family members spend

working. Th "other family income" measure includes the wife's labor

supply, which is jointly determined with tri% husband's work decision.

This income va able.should be treater. as endogenous in estimation.

The "total family income" variable includes not only spouse's labor

supply but also the dependent variable. Errors in measuring husband's

labor supply will positively bias the estimated income effect based on (\

total family in ome. Instrumental variables estimates of the income

variable ran used to treat both these problems.

Our emphasis throughout Section III is on nonwage income becaLr

of the foul\ income measures it is the one most commonly used in

previous laOr supply studies (see Table 3). In our empirical work

we first determine the differential effects on labor supply of dif-

ferent components of nonwage 'income and then undertake a preliminary

exploration of the direction and magnitude of the other bises dis-

cussed above by using imputed and age-adjusted income measures.

Labor Supply

In constructing their labor supply variables, researchers have

debated whether to measure labor supply as hours offered or actual

,hours worked. Somd economists have argued that because of disequili-

briu in labor markets, actual hours of employment for some workers

may d fft..r 'substantially from their "offered hours"--the number ce

hours they wish to work at their received uarket wage rate (Greenberg

and Kosters, 1970, and Garfinkel, 1971). This may have important

implications for welfare reform analysis. For example, if a worker

is employed fewer hours than he offers, he may not reduce his hours

worked in response to an income increase until the gap between hours

worked and hours offered is closed (Greenberg, 1972). In practice,

however, one cannot directly observe the number of hours or weeks

offered. Most often, a measure of "offered" labor supply is computed
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simply by adding reported weeks of unemployment tb'actual weeks worked

(see Table 3). An unknown fraction of the time that individuals report

as unemployed, however, is probably not really available to employers.

Moreover, a measure of offered hours that includes unemployment plus

weeks worked only permits correction of the measure of labor supply

for those individuals who are working less than they would like. One

must also consider the possibility that at any point in time, because

of institutional rigidities and the like, some individuals may be

working more hours or weeks than their "equilibrium level." It seems

inappropriate co correct one type of disequilibrium without correcting

the other.

The choice of the dimension of labor supply to analyze--partici-

pation vs. nonparticipation, weeks of work per year, hours of work per

week, or hours of work per year--is often constrained by the avail-

able data. In general, an analysis of the binary decit,ion to work or

not to work seems less useful for purposes of examining the labor

supply effects of income maintenance, programs than research that

focuses on the quantity of labor supplied as a continuous variable

and assigns zero to nonparticipants.
1

Various continuous measures of labor supply, such as weeks per

year and hours per week, may reflect different aspects of the labor

. -1Boskin_(1970) and Kalachek and Raines (1970) assume that decisions
on-how-E-any hours to work occur only if a decision has already been
made to participate in the labor force. They have attempted first to

estimate the probability that a given individual will be in the labor

force and then to estimate his expected hours of work conditional on

his participation. It is possible, of course, that some explanatory
variables have different effects on the participation decision and on

the numbers bf hours supplied. For example, an increase in the fixed

cost of working, such as in the cost of getting to work, may decrease

the probability that an individual will participate 11 the labor force

(a substitution effect) but increase the number of hoUrs he will work
if he does participate (he "ill work more hours to recoup the higher

cost-an income effect). Nevertheless, unless one believes that

labor supply decisions really do follow such a two-stage process, it

seems more natural to integrate the participation and hours dimensions
by measuring labor supply as a continuous variable, assigning a zero

value to nonparticipants.
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supply dee...31.°n. Thus, throughout this study, we report estimates

for three different measures of labor supply: hours per week; weeks

per year; and the product of these two, hours per year. Hours per

week focuses on the decision between part-time and dull -time work,

whereas weeks per year reflects the more fundamental de is ion of

whether to work at all during a given period. If one wi hes to

analyze these two aspects of the labor supply decision, t is desir-

able to treat weeks per year and hours per week as separa e dependent

variables, rather. than to multiply them into a single dep ndent vari-

able. It may also be advantageous to treat these two dimensions of

labor supply separately b. 3e one of the two types of information

may be unavailable or unrellable for some observations; by using

weeks per year and hours per week as separate variables, these obser-

vations can be incorporated into at least part of the analysis.
1

Another r-.4ason for treating weeks and hours separately is that

it 'may 'e the only way to break the spurious correlation between the

observed hourly wage and hours worked that occurs when the wage is

calculated by dividing weekly earnings by hours per week (see Table 3).

By treating hours per week and weeks per year separately, one at

least eliminates this bias in the estimated relation between wages

and weeks.

CHOICE OF THE SAMPLE

Table 4 presents summary information on the sample populations

that have been used in seven recent labor supply studies. Variations

in the sample, such as those that are evident in the table, may

account for much of the inconsistency in results among cross-sectional

studies of labor supply.

In estimating behavioral parameters, researchers have given

various reasons to justify their particular choice of sample

1
In the Survey of Economic Opportunity, for example, weeks per

year are reported for persons who are self-employed, but hours per
week are not..
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Table 4

SAMPLE SELECTION CRITERIA IN SELECTED STUDIES OF THE
LABOR SUPPLY OF PRIME AGE MARRIED MALES

Author

Major Characteristics of Sample Examined in Tablea

T-1
cti m a)

0 E
4-1

1-4

Greenberg-Kosters Males Married, wives 14-61 Less than $15,000

(1970) present

Garfinkel Males Married 25-61 No limits

(1971)

Boskin Malec Married Over 20
d

Family "whole" income

(1970) per adult member less
than $5,500e

Cohen-Rea-Lerman Males Married and 22-54 No limits

(1970) Singlec

Tella-Tella-Green Males & Married pd 18-64 No limits

(1971) Females Single"

Ashenfelter-Heckman Males & Married 25-54 No limits

(1971) Females
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Table `"4 continued

SAMPLE SELECTION CRITERIA IN SELECTED STUDIES OF THE
LABOR SUPPLY OF PRIME AGE MARRIED MALES

Groups:Excluded from the /Sampler
("X" Indicates Group with Characteristic was Excluded)

Author

Peresdns Whose.Opportunity to Work Was R2stridted
During Part or all of the Period Covered by the Study

Greenberg-Kosters
(1970)

Garfinkel
(1971)

Boskin
(1970)

Hall
(1971)

Cohen-Rea-Lerman
(1970)

Tella-Tella-Green
(1971)

X

X

X

X
f

xg xg Xg xg xg

Ashenfelter-Heckman X

44(1971) '

re,
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Table 4 continued

SAMPLE SELECTION CRITERIA IN SELECTED STUDIES OF THE
LABOR SUPPLY OF. PRIME AGE MARRIED MALES

Groups Excluded from the Sample
r

("X" Indicates Group with Characteristic was Excluded)

Author

Recipients of Work-Conditioned Transfer Payments

1

.ri
1-1
.1-I

co 0 4-1

4-1 0 t. vi M 0 1-4 0
0.1 orl 0 4-1 U or'

m 0.1 4-1 ---,W / M U
4gl -1d

.-1 o al cd 0
04 or i4 P4 0)

W 0 4-1 0
O 0 w .I.J o
0 > .1-4 C.7

0
4-1

0
wa

ii
W

U
o
m

W

1-1
W3

or o
A Cl
N 0
o o3U

Greenberg-Kosters
(1970)

Garfinkel
(1971)

Boskin
(1970)

Hall

(1971)

Cohen-Rea-Lerman
(1970)

Xg

Xg

Xg

Xg

Xg

Xg Xg

Xg

Xg

Tella-Tella-Green Xg Xg Xg Xg Xg

(1971)

Ashenfelter-Heckman
(1971),

45. _
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Table 4 continued

SAMPLE SELECTION CRITERIA IN SELECTED STUDIES OF THE
LABOR SUPPLY OF PRIME AGE MARR1LD MALES

Groups Excluded from the Sampler

("X" Indicates Group with Characteristic was Excluded)

Author

Other Excluded Groups

Greenberg-Kosters X
h

X
k

X

(1970)

I

Garfinkel X X Xk -X

(1971)

Boskin X
(1970)

Hall X Xm

(1971)'

X

Xi

XfCohen-Rea-Lerman, X X
f

(1970)

Tella-Tella-Green X Xg X
n

Xg'cl

(1971)

Ashenfelter-Heckman X
f

(1971) 46

ry\
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Author Additional Remarks on the Sample

Greenberg-Kosters
'(1970)

Persons were also excluded from the samp19, if`

their employer at the time of the interview
differed from the employer for whom they worked

the longest during the year preceding the

intetview.

While results were reported for the sample
described above, additional analysis was also

conducted with 36 subsamples of this`sample.

Results for five of these subsamples received

greatest emphasis:
(1) Self-weighting sample based on CPS sample

frame
(2) Households in which only the husband'and

his spouse were 18 years old,or older
(3) Households in which the husband was the

sole wage eatner
(4) Households with children present
(5) Households with non-institutionalized

male heads

Garfinkel Additional analysis was conducted with seven

(1971) different modifications of the sample described

above:
The basic sample -

plus
(1) persons who did not work during the

year preceding the surveys

(2) pensionerst
(3) pensioners and recipients of unemploy-t

went compensation and veteran payments

minus
(4) persons in families whose income exceeded

$10,000
(5) persons whose-wage :ate exceeded $3.75

per hour
(6) persons in the construction, agriculture,

forestry, and fishery industries
(7) persons with higher than average wage

rates and lower than average weeks worked

Boskin Nonwhites other than blacks were excluded from the

(1970) sample. Throughout the analysis black and white

labor supply functions were separately estimated.

Cohen-Rea-Lerman
(1970)

The part of the study that used LFP(1) or LFP(1)w

as dependent variables was limited to Yesidents

of the nation's 96 largest SMSAs.
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Author

Tella- lla-Green
(1971)

-37-
4

Additional Remarks on the Sample

Additional groups excluded from the sample
include:

(1) Households living on farms
(2) Households that added or'lost a member,in

1966

(3) Households With a member who worked more
than 70 hours during the week prior to the
survey

(4) Households containing members who usually
worked full-time during the year preceding
the survey, but only part-time during the
week preceding the survey, or vice versa

The analysis as conducted with non-participants
in the labor force alternatively excluded from
and included in the sample.

Separate analyses were conducted with two over-
lapping subsamples 'of the sample desctibed above:
(1) Male heads of househblds with no other earners
(2) Married men and their wives

Ashenfelter-Heckman Study limited to the 100 largest SMSAs.
(1971)

_
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f



-38-

Noes to Table 4

aIn several of these studies, the labor supply behavior of several

different population groups were separately examined (see Table 1). In

such a case, in effect, several semi-independent studies were made of

several samples. The samples examined in Table 4 are those containing

prime age married males, but not necessarily limited to that group.

b .

Income and substitution effects were calculated for a sample that

included both husbands and wives. The estimation procedure used allows

complete interaction between sex and the wage and income variables. In

addition, Tella-Tella-Green (but not'Ashenfelter-HeCkman) separatell

examined a sample that included both single men and married men whose

spouses did not work.

cThe effect of marital status on labor supply functions is examined

through sets of marital status-wage and marital status-income interaction

terms.

dPersons 60 years and older are distinguished by age-wage and age-

income interaction terms.

e
For the definition of "whole income" see Table 3, especially foot-

note k.

(These persons were not excluded from regressions that used L11(1)

or LFP(1)w as the dependent variable, but were excluded from regressi6a

that used WKLF .HRLF
1.44 y

as the dependent variable.

gPersons were excluded if any adult in the household--not just

persons whose labor supply is being estimated--had the characteristic.

hOnly persons who were in Armed Forces at time of survey interview

were excluded from main sample. Members of Armed Forces during year

preceding the interview were not excluded.

kMore specifically, those excluded were persons whose primary

occupation the week prior to the survey was self-employment in their

own business, professional practice, or fatm.

mAll indi4iduals in households where total self-employment income

exceeded $1,000 during the year preceding the survey were excluded.

nAll individuals in households with any income from business or

farms during the year. preceding the survey were excluded.

3-

PBoskin included non-labor force partidipants in regressions which

used LFP(2) as the dependent variable, but excluded these persons when

Ey WG wasYused as the dependent. variable.

qTella-Tells -Green are not entirely clear on this point, but it

appears that they excluded households containing persons who did not.

49-



-2° work during the week prior to the su vey but did work during the year
preceding the survey. Households containing persons who worked during
the week preceding the survey, but not uring the year preceding the
survey may also have been excluded. Households containing persons
who did not work during the week precedin the survey or during the
year preceding the survey apparently have seen included. ,

t
In addition to the categories listed h

whenever the information necessary
individual was missing, that person
However, in studies using imputgd w
persons with missing wage data are
in the case of the Survey of Econo

re, it is obvious that
o constru a variable for an
ad to be e cluded from the sample.

g rates. (se Tables 1 and 3),
ncded in th- sample. Moreover,
c 6,portunity, the Census Bureau

imputed an amount to all income iteths tat were ori inally in the
"don't know" or "no answer" categories (Amounts re not similarly
imputed in the case of unanswered asset questions, h Fever.) To our
knowledge, all researchers who have used the SEO to estimate labor
Supply functions have included in their sample persons with these
imputed income amounts.

s
In order to incorporate non-participants into the analysis

Garfinkel assigned each of them an imputed wage rate. Observed wage
rates were used for the remainder of the sample.

t
When including these persons in the sample, Garfinkel: sometimes

also added the amount of-their transfer payments to his measure of
nonemployment income.
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population.1 Some researchers; for example, have attempted to restrict

their sample to those who are most likely to become participants in

income maintenance programs. These studies sometimes use an income

cutoff to define their sample. In addition, labor supply studies'

often exclude persons with constraints on the number of hours they

work, such as the unemployed or disabled, or those who are using their

- 1

time outside the labor market to, engage in
-

certain productive activi-

ties, such as schooling. Persons who receive work-cOnditioned trans-

fer payments are sometimes dropped from the sample because researchers

are not sure how to treat these transfer payments, since they may be

endogenous.
2 Samples must also, of course, be limited to those for

whom there is sufficient information to construct the'variables.

Although most of the reasons for excluding observations from the

sample May be valid under certain circumstances, it seems likely that

by removing various groups that provide particular estimation problems

one may not get accurate estimates of the response to the introduction

of an income maintenance program. This may occur for two reasons:

(1) the excluded group may behave differently from the included.

In this case it is incorrect to infer that the parameters estimated

for'the included group are applicable to the excluded group. (2) The

two groups may behave the same, but if the variables vary more for

the excluded group or the combined groups than for the included group

alone, it may be more difficult to identify the coefficients -with the

smaller, more homogeneous sample. For example, the excluded groups

are likely to be disproportionately composed of individuals who work

either very many or very few hours (see Table 4). This reduces

variation in the depend nt variable (labor supplied), variation that

;
is not large for msrrie males even when these groups are included.

1,For a detailed discussion of the reasons for excluding the

groups listed in Table 4 from the sample and some of the problems

their exclusion may cause, see Greenberg (1972), especially Section

III.

2Another difficulty is that the (potential) wage rates of many

recipients of work-related income are subject to various marginal tax

rates that are very difficult to estimate from available information

(Greenberg, 1972).
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Moreover, by eliminating families who receive unemployment compensation

or welfare, persons who did not work during the week before the survey,

or other such groups, one may systematically exclude_from the sample

those individuals who are most likely to participate in an income

mail -ance program and to exhibit strong behavioral responses.to it.

Furthermore, previous empirical results imply that the labor supply

curve may be backWard bending; if so, the likelihood of accurately

discerning the shape of the supply curve within the low and high

hours ranges is reduced as observations are eliminated from near the

tails of the hours distribution. This is particularly bothersome at

the low hours range, because of the.importance of this part of the

supply* function in examining the effects of welfare reform.

For these reasons, it is important that the sample, should be as

unrestricted as possible. Some of the obstacles to including commonly

excluded obseivations can, in principle, be overcome through the use

of imputed wage and income measures. In practice, however, a reason-

able case can be made that including the categories of observations

listed in Table 4 is just as likely, if not more likely, to produce

inaccurate estimates as excluding them and that the imputation

processes developed so far are unreliable. As a consequence, decisions

on precisely which obserVations should be included or excluded from

the sample are at this time highly judgmental. It is important,

therefore, that researchers should obtain some idea of the effects

on their estimates of excluding or including specific categories of

observations in their samples. In the last subsection of Section III,

we explore the sensitivity of parameter estimates to different sample

compositions.
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III. SENSITIVITY TESTS

f ,

In Section II, we described some of the methodological alterna-

tives that researchers face when attempting to estimate labor supply'

functions from cross-sectional data. In this section we examine the

sensitivity of parameter estimates to some of these methodological

choices. Our emphasis is op the wage, asset, and labor supply vari-

ables, and on selection of the sample. To keep the analysis manage-

able--and the number of regressions reasonable--we proceed step by

step, allowing only one change in variable definition or sample compo-

sition to take place a't a time.
1

Our overall research strategy is illustrated in Figure 1. Briefly,

we begin with observed measures of wages and assets (our nonwage income

variable), and a highly restricted, relatively homogeneous sample of

white married male heads of households. All those who seem to present

special estimation problems have been excluded from this initial

sample. After exploring several forms of the wage, asset, and labor

supply measures within this context, we examine the sensitivity of

the results to\using imputed, rather than observed, wage and asset

measures. We then test the sensitivity of the estimates to changes

in sample composition.

THE DATA

The econometric analysis is based on a sample drawn from the 1967

Survey of Economic Opportunity (SEO), a file that includes over 27,000

household units. We examined the possibilities of using several other

files, including the Income Dynamics Panel and the National Longitudinal

Survey ("Parnes" data), bu chose the SEO for two reasons: (1) Most

previous labor supply studies with disaggregated cross-sectional data

have used either the SEO or data files assembled by the Bureau of the

Census that are in many ways similar to the SEO (see Table 1). (2)

'Regrettably this strategy rules out the possibility of fully
exploring interactions among the different changes.
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Figure 1

OUTLINE0 EMPIRICAL WORK

Obser'ird Variables ,

Alternative Labor Supply Measures (Table 6)

Alternative Functional Form for Wage Variations (Table 7)

Alternative Wage Construction (Table 8)

Components of Net Worth (Table 9)

Imputed Variables

Imputed Wage (Table 10)

Cost-of-Livi g Adjustment (Table 10)

, Experience Ad ustment (Table 10)
A

Imputed Wage and Net Worth (Table 11)

Age/Experience Adjustments (Table 12)

Other Adjustments -- home ownership, children (Table 12)

Treatment of Wife's Earnings or Wage

Working Wives Only (Table 14)

Working and Nonworking Wives (Table 15)

Regression Sample Changes

For Combined Groups (Table 16)

For Marginal Groups (TaV:e 18)
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The SE0 contains more of the data we wanted for conducting the sensi-

tivity tests-than other available data sets. For example, the SEO,

unlike many data sets, contains answers to its full set of questions

for all family members apd is therefore appropriate for studies that

are set in a family context. Moreover, the asset and ncnemployment

income data in the SE0 are probably superior to those in any other

.." 1 data set. Nevertheless, it is important to recognize that,

.:ertain other surveys; the SE0 does not provide longitudinal

data. In addition, certain other data files offer better'measured

hours a work and wage variables than the SEO and contain information

on pas.- 'or experience.
1

THE RESTRICTED SAMPLE

Throughout this report we restrict our analysis to white mai.Lied

male heads of hoUsehoids, 25 through 54 years old. There are 6225

observations on :his group in the 1967 SEO. The initial sample we

drew from this group is a relatively homogeneous one that excludes

as many persons and households as possible that present special esti-

mation ro:oblems. In selecting this sample we incorporated most of

the restrictions used by the authors-listed in Table 4. The resulting

"restricted sample" 'ncluded 2012 households; specific characteristics

of this sample am indicated in Table 5.

INITIAL SPECIFICATION AND MEASULEMENT OF VARIABLES

Three alternative measures of labor supply are used as dependent

variable:: weeks per year in 1966, hours per week in 1967, and anaual

hours. The last is a composite measure that is calculated as the

product of the first two.

The wage variable used in the regressions is computed by dividing

earnings during the week before the SE0 survey interview by hours

worked during the same week. L:2ter we examine the sensitivity of the

1

1For a comparison of the suitability of five nonexperimental data

sets for empirical studies of welfare reform effects, see Greenberg

(1972), Section VIII, and DaVanzo an Greenberg (1973), Section V.
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.1

Table 5

CHARACTERISTICS OF THE RESTRICTED SAMPLE

A. Demographic Characteristics of the Sample

1. Sex: male

2. Marital Status: married, wife present, head of household

3. Age: 25 through 54

4. Race: white

B. Groups Excluded from the Sample

1. Households where opportunity to work may have been restri.zed

a. Husband or wife was unemployed for at least one, week in

1966

b. During most of the weeks they did not work in 1966, husband

or wife was

i. sick or disabled

ii. institutionalized

iii. in military service

c. Husband or wife worked part-time in 1966 because

io their work was slack

ii. they could not find full-time work

iii. they were sick or disabled

2. Households that received transfer payments in 1966 that may be

work related

a. Unemployment compensation

b. Veterans' disability payments or compensation

c. Pensions

d. Social Security

e. Welfare

f. Workmen's compensation

3. Nonworkersa

a. Husband did not work during the week before the survey

interview

b. Husband did not work at all in 1966
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4. Wage or hours data particularly likely to contain transitory

elements or to be unreliable

a. Husband usually worked full-time in 1966, but worked less

than 35 hour during week preceding thelsurvey; or vice

versa

b. Husband worked for a different employer or at a different

kind of work during week preceding the survey than he did

during m of 1966

(2. Husband ked 77 hours or more during the week preceding

the survey

5. Other households that present special estimation problems

a. Husband or wife was student at time of survey or in 1966

b. Husband was in military 'service at time of survey or in

1966

c. Husband r wife was self-employed at time of survey or

received income from own business or farm in 1966

d. Member of household, other than husband or wife, is over

18, and hence is a potential full-time worker

6. Households for which data necessary to construct one or more

of the variables were missing

aAlthough data from the 1967 SEO on annual earnings and nonem-

ployment income and on weeks pertain to the yeax-1966,data on weekly

earnings and hours workeds\per week refer to)he week before the survey'

interview in February 1967, Since we use,bbth weekly and annual

earnings data to construct elternativ-Aserved wage measures, men

who did not work during either,thV'week or the year before the survey,

and thus had zero earnings diiring one or the other period, must be

omitted from the restrfcted sample.



-47-

estimated relation between wages and hours to several alternative

methods of constructing an observed wage variable.

Non-wage income and wealth components reported in the SEO fall

into three groups: (1) those reported only as income flows (transfer

payments such as welfare and unemployment compensation); (2) those

reported only as stocks (homes and automobiles); and (3) those

reported both in flow and stock terms (rents, dividends and interest

or, alternatively, real estate noldings, stocks, and bonds). To

combin category (3) with both categories (1) and (2), an interest

rate iust be used either to capitalize the transfer payment flows in

. (1) or to impute flows from the capital stock in (2). However, since

the work-related transfer payments that make up most of type (1)

income would bias the income effect, type (1) income is never incor-

porated into our non-wage income measure making the capitalization

or imputation process unnecessary. The income variable entered into

the first set of regressions, therefore, is simply the reported net

worth of the household.
1

Later, we examine the sensitivity of esti-
,'

mates of the income effect to the way in which various household

wealth components are combined to construct the income variable.
2

The labor supply of the head of a household may depend not only

on his own wage rate and on non-wage income, but on the wage rates

obtained by other family members. The wages of other working family

members will have an income effect on the head's labor supply, usually

assumed by economists to,be negative. In addition, the wage rates of

other family members may affect the head's labor supply through cross-

substitution effects. These Pure substitution effects will be positive

or negative depending oh whether the time of family members in non-

market activities are net complements or substitutes (see De Tray,

1
Since net worth is a stock rather than flow concept, its regres-

' sion coefficient is not a direct estimate of the income effesp. How-
ever, if the flow of income from net worth is viewed as theYroduct
of net worth and an interest rate, the estimated income elasticity
will be independent of whether the income variable is constructed in
terms of stock or flows.

2
For the moment, we will ignore the endogenous nature of net

worth; this matter is taken up later (p. 68).,
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1973b; and Kosters, 1966). In the'initial regressions the earnings

of the spouse and of other family members are used as independent vari-

ables. However, since these measures incorporate the labor supply, as

well as the wage rates, of these persons, and in effect treat the

potential wage rates of nonworkers as zero,
/

this approach is far from

satisfactory. Later, we examine the sensitivity of the results to

several alternative treatments of the actual or potential wage rates

of other members of the household.

Age (and age squared) is included in the regression to allow for

aye effects on labor supply independent of those that work though the

wage and net worth.

Education also appears in the regressions. The possibility that

education may affect time allocation and therefore labor supply even

when wages are 'held constant has been recognized in several recent

studies of family behavior (see for example, Grossman, 1972; Michael,

1972; and De Tray, 1973a). These studies suggest that just as educa-

tion may increase an individual's market productivity, it may also

increase productivity in the home.1 In addition, education may of t

labor supply if more educated persons obtain jobs with higher onpecu-

niary returns than less educated persons, or a taste for ducation is

positively corre'ated with a taste for work.

Previous labor supply studies have that as the number of

persons in the household increases, so

2
III the household's demand for

commodities, hence their derived demands for the time and goods inputs

1
One variant of this-4rgument is that an increase in education

raises a person's homeliroductivity by increasing the effective amount

of his time in the,home, which, in turn, reduces the per unit price

of that time %is price reduction causes income and substitution
effects, both of which act to increase household demand for effective

home time-. *Thether this increase in the demand for effective time

results in a.. increase in actual time allocated to houSehold production

is ambiguous a priori and dependent on the elasticity of demand for

actual time. It can be shown that the effect of education on observed

time depends on the size of the uncompensated price elasticity of

demand for actual time in the home. The demand for actual time in

the home will rise (fall) if that elasticity is greater (less) than

one; if the demand for nonmarket time is unit elastic, education will

have no effect on the allocation of observed time.

59.



-49-

into household production.
1

An increase in the demand for goods wil

tend to increase the amount of time devoted to market work-41a or

supply); an increase in the demand for time wi.4ve tthe opposite

effect. Although the net effect on labo upply is ambiguous a

priori, previous studies have fou that wives usually work less and

husbands more as family si increases: Number of persons in the

household other tha pouse, and number of children less than six

years old, wh y be particularly wife's time intensive, are included

in the). or supply equation to capture these effects.

The remaining variables in the regression are included to control

for geographic differences in labor supply behavior. There ,Are a num-

ber of reasons for at least some geographic variation in labor supply

besides those due to regional wage and income differences. In addi-

tion to the possibility that tastes for work and leisure may vary

among regions and between urban and rural settings, such factors as

climate and recreational opportunities may influence the value that

individuals place on nonmarket time. Similarly, the opportunities

for and costs of nonmarket production may differ among regions. The

locational variables may also help to correct for certain types of

measurement errors in the wage and net worth variables. For example,

as mentioned in Section II, the wage variable should be measured net

of such factors as taxes, the cost of living, and work-related

expenses. Although there are not now adequate data to do this

directly, the locational variables may provide some control. All this

suggests that a case can be made for entering locational variables in

a labor supply function, and indeed such variables ave been used in

several previous studies (see, for example, Garf kel, 1973; and

Kalachek and Raines, 1973). However, the case ror their inclusion

in labor supply regressions is weakened by possibility that these

variables are also likely to reflect geographic variation in demand

1
This is equivalent to assuming that family size is an exogenous

variable. For the sake of comparison we will continue with that assump-
tion even though several recent studies have established that fertility
is endogenous to famiiW decisionmaking (see, for example, De Tray
1973a).
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conditions. To estimate labor supply fundtions, demand conditions

must, of course, be allowed to vary.
1

REGRESSION RESULTS: OBSERVED VARIABLES

Two important results emerge from Table 6, where our initial

regressions are presented. First, the estimated relations between the

wage measure and the two dimensions of annual hours--weeks per year

and hours pew week--are of opposite sign; the wage coefficient is posi-

tive in the weeks regression but negative in the hours regression.

Second, the estimated relation between net worth and labor supply is

positive, rather than negative as expected. The absolute magnitude

of the net worth coefficients always exceed their standard errors.

There are two possible explanations for why the uncompensated wage

effects on weeks per year and hours per week are of opposite sign:

(1) decisions on the number of hours to work per week and the number y

of weeks to work per year are affected differently by wage changes;

or (2) true wage effects on bot-h measures of labor supply are similar

in direction and magnitude, but one (or both) of the estimated param-

eters is biased. In particular, it seems likely that the estimated

negative relation between wages and hours per year may be attributable

in part to measurement error bias resulting from using hours per week

in the denominator of the wage measure. Additional results, presented

below, provide some support for this contention.

There are also two possible explanations for the positive signs

of the net worth coefficients: (1) net worth may by a poor proxy for

the conceptual variable of interest -- nonwage- related income; (2) an

omitted variable--previous labor supply, life-cycle factors (Smith,

1972), preferences for assets (Greenberg and Kosters,j;1970)--

may be affecting both assets and labor supply and thus the estimated

relationship may not be'a causal one; assets and labor supply m1 be

1For this reason, we tested the sensitivity of our results to the

exclusion of the locational variables and found the results to be
essentially unchanged, even when imputed values of wages and net

worth were entered in the regression.
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Table 6

INITIAL LABOR SUPPLY REGRESSIONS

Independent Variable

Labor SuoolY=Neasures
Weeks Per Year

WKWRK

Coeffi-
cient

Hours Per Week
HRWRKw

Coeffi-
t-Value cient t-Value

Annual Hours
WKWRK HRWRK

Coeffi-
cient t-Value

e and Income Variables

Hourly wage rate (Ew i.HRWRWw)

Net worth
a

Spouse's annual earningsa

Annual earnings of other
family membersa

Control Variables

Age

Age squared

Years of school completed

Number of persons in house-
hold, other than spouse

Number.of children under 6-
in household

Town

Rural

Suburb

Poor city

Poor rural South

Rest of South

North central

West

Small SMSA

Medium SMSA

Itercept term

R

Han of dependent variable

Sandard deviation of
dependent variable

Nal;er of observations

0.0579 2.23 -1.65 -13.83 -82.67 -13.15

0.00212 1.04 0.0164 1.74 0.946 1.90

0.0252 1.20 -0.344 -3.55 -16.35 -3.20

0.0400 0.227 1.05 1.29 55.58 1.30

-0.00325 -0.0624 0.139 0.578 7.03 0.556

0.0000358 0.0540 -0.00148 -0.484 -0.0745 =0.463

-0.00461 -0.352 0.446 7.39 23.02 7.24

0.0720 2.38 0.406 2.92 24.78 3.38

0.0526 0.972 -0.0126 -0.051 1.81 0.138

0.0690 0.434 1.10 1.64 60.34 1.71

-0.0117 -0.0822 1.11 1.70 57.62 1.67

0.0968 1.03 0.606 1.40 36.01 1.58

0.247 1.28 -1.19 -1.34 -49.37 -1.06

-0.0689 -0.425 0.624 0.837 29.23 0.744

-0.0448 -0,388 0.917 1.73 43.75 1.56

-0.161 -1.58 1.61 3.43 74.62 3.02

-0.212 -1.83 0.632 1.18 23.88 0.850

0.196 1.51 0.309 0.518 26.42 0.840

0.0972 0.898 0.639 1.28 36.40 1.39

51.50 40.81 2096.26

0.015 0.121

51.84 45.41 2354.

1.63 7.94 417.

2012 2012 2012

&Variable measured in $1,000s. 62
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Definitions of Variables in Table 6

Self-explanatory variables, for example, age, are omitted from this

list of definitions.

The interview fog' the 1967 SE0 took place in February 1967.

Subscripts

w data pertain to wee

y data pertain to year

before survey interview week

before survey interview year.

.

Labor Supply

WKWRK weeks of work pet year

HRWRKw hours of work peg, week

WKWRK HRWRKw hodrs ofi'work per year.

Earnings and Assets

Ew
weekly earnings of head

Annual earnings of'other family members: annual earnings of house-

hold less the annual earnings of the husband and wife

Net Worth: Household assets less debts

Assets include:
Market value of own home
Market value of vehicles
Value of real estate holdings
Money in bank accounts
Stocks and bonds
Personal loans to others
Value of other assets: boats, trailers, oil royalties,

patents, etc., but excluding personal belongings and

furniture

Debts include:
Debt owed on Own home,
Debt owed on vehicles
Debt owed on real estate ho dings
Debt owed stores, banks, lending institutions
Nonintereat debt: debt owed doctors, hospitals, utility

companies, etc.
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Geographic Characteristics

Poor city A dummy that equals 1 if the person lives\
within a "poverty area" (defined in 1967
SE0 Codebook, p. 23-24) that is in an SMSA
with population 250,000 or more; 0 otherwise.

Suburb :A dummy that equals 1 if the person lives
in the urban fringe of an SMSA; 0 otherwise.

Town A dummy that equals 1 if the person lives
in an urban area outside an RBA; 0 other-
wise.

Rural A dummy that equals 1 if the person lives
in a rural area outside an SMSA; 0 otherwise..

Poor rural South

Rest of South

North Central

West

Small SMSA

Medium SMSA

A dummy that equals 1 if the person lives
in a poor Southern county, outside an SMSA
(defined in 1967 SEO Codebook, p. 33); 0
otherwise.

A dummy that equals 1 if the person lives
in the Southern Census region but not in
areas that are "poor rural South" (see
above); 0 otherwise.

A dummy that equals 1 if the person lives--
- in the North Central Census region; 0 other-
wise.

A dummy that equals 1 if the person lives
in the West Census region; 0 otherwise.

A dummy that equals 1 if the person lives
in an SMSA whose population is less than
250,000; 0 otheiwise.

A dummy that equals 1 if the person lives
in an SMSA whose population is between
250,000 and 750,000; 0 otherwise.
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determined simultaneously. Furthar evidence on this point will be

presented below.

These results are based on a relatively homogeneous, highly re-
.

stricted sample. Although the restrictions we used to define this

sample (see Table 5) were not designed intentionally to exclude
-----

persons with relatively low labor supply, this is a consequence of

their application. Hours per week do not fall below 35 for any

person in the sample, and the weeks -per -year variable is very nearly
,

a constant; only 41 men in the sample of 2012 reported that they

worked fewer than 50 weas.
1

This small variation in the dependent

variables makes it difficult to find systematic relationships between

labor supply and its determinants. However, this lack of variation

does not necessarily mean that our sample is inherently unrepresenta-

tive. For eXklple, if low hour individuals excluded from the sample

were off their long run labor supply curves, the small variation in

labor supplied by the sample population would presumably mean that

labor supply schedules for white prime-age males are very inelastic.

Because of the absence of variation in the weeks-per-year vari-

able, variation within the composite annual hours measure (which is

'calculated as the product of weeks per year and hours per week) is

almost wholly attributable to variation in hours per week.
2

The

results in the annual hours regression are, therefore, very similar

to those in the hours-per-week regression, with the regression

1

Weeks worked in 1966 are reported in the SEO for the following

intervals: 1 to 13 weeks, 14 to 26 weeks, 27 to 39 weeks, 40 to=47
weeks, 48 to 49 weeks, and 50 to 52 weeks. To calculate the weeks' -

per -year varia le, the midpoints of each of these intervals, but the

last, were use Since Tella, Tella, and Green (1973) report that\a

sample check they,made of actual SEO questionnaires "showed that
workers who fell into the 0 -52 Weeks category invariably reported

to have worked 52 weeksI:TT-these parsons were assigned a valUe of 52.

As,a consequence of this and the coact that only 41 persons were
assigned a value of less than 52 weeks, the mean of the weeks -per-
year variable is 51.84.

2The simple correlation coefficient between annual hours and hours

per week is 0.9788; the correlation between annual hours and weeks per

year is 0.1658.
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coefficients differing roughly by a scale factor of 52.
1

Most of the other coefficients in Table 6 conform to a priori

expectations. Wife's earnings has a negative and significant effect

on male hours. Other family earnings, however, have a positive coef-

ficient, but one that is never significant at the 5 percent level.

The coefficients of age and age squared are never significantly

different from zero at conventional levels. Education has a positive

and significant effect on hours, but its relation to weeks is insig-

nificant. Labor supply is positively related to family size; it

appears that additional family members increase the derived demand

for goods more than the derived demand for husband's time in house-

hold production.

The coefficients of the geographic variables show the additional

number of weeks or hours people in these areas work, other things the

same, relative to people for whom all the geographic dummies equal

zero (non-poverty areas in central cities in SMSAs with population

greater than 750,000 in the North East census region).

Curvilinearity in the Wage Relation

To allow for the possibility of a backward bcnding labor supply

curve, labor supply researchers usually use functional forms for the

wage rate varier that allow for curvilinearity. The wage coeffi-

cients in Table 7 are from regressions that are identical to those

presented in Table 6 except for the functional form of the wage vari-

ables. The linear wage coefficients that appear on the first line of

the table are the same as those reported in Table 6. The natural

logarithm of the wage measure was used to estimate the coefficients

on the second line of the table. Both wage and wage squared were

entered into the regressions to estimate the third set of coefficients.

The final set of regression coefficients is based on a step function

formulation that allows both the intercept term and the slope of the

1
For the sake of consistency, we will continue to report our

results for all three labor supply measures, even though the weeks-
per-year results are of limited interest when they are based on the
restricted sample. The weeks-per-year results become more meaningful
for the less restricted samp2es used later in this_section.
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wage relation to vary within separate wage Intervals. We began with

11 intervals.
1

Howev r, by collapsing adjacent wage cells in which
li .1,

slope coefficients wer not statistically different or dummy coeffi-

cients were not significantly different, we eventually reduced the

number of intervals to two (<$1.74, 2$1.75) in the weeks-per-year

regression and to three (<$1.25, $1.25-$4.74, 2 $4.75) in the hours-

per week and annual-hours regressions.'

The results in Table 7 for the relationship between wages and

weeks per year indicate that the wage effect becomes increasingly

less positive at higher wages. In the quadiatic formulation the

curve bends backward at a wage of approximately $9.50 per hour.

However, these estimates are based on a mere 41 persons out of 2012

who worked less than year round. The estimated curvilinear relation

between wages and hours per week or annual hours runs counter to

a priori expectations; the estimated labor supply curve is forward-

bending, rather than backward bending. (Hill, 1970, and others have

found this also.) This result is, however, difficult to interpret

given the potential negative bias in the wage coefficient.

The sensitivity of the estimated effect of wages on labor supply
e'

to alternative functional forms for the wage variable is perhaps best

indicated diagramatically. The shapes of the relations between wages

and work effort that are indicated by the coeff'cients in Table 7 are

presented in Fig. 2. In general, these figures indicate that within
..,

the middle wage range, the shape of the estimated supply function is

not very sensitive to the functional form of the wage variable. How-

eer, within the lowest wage range--the portion of the supply curve
. t.

that is most important for evaluating the effects of income maintenance

programs--and within the highest wage range, the estimates are rather

sensitive to functional form.

1
Under $.75, $.75-$1.24, $1.25-$1.74, $4.25-$4.74, $4.75-

$5.24, and $5.25 and over.

2
These difference tests were made separately for the slope and

dummy coefficients; it is interesting that these two independent tests
both implied the same final set of intervals.
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Evii-HRWRI:

1 ( Ewi-HRWRKw) 2

Weeks per year

Ew4-HRWRKw)< $ 1 75

wi-HRWRY.w)!. $ 1.15

Fig. 2a_Estimated relation' between weeks per year and alternatiVe
functional forms of the wage variable

Ew+HRWRKw Zn( Ew+IMWRKw)

( Ew4-HRWRKw)< $ 1.25

{Evi÷iiRWRKw 1 ( Ewi-HRWRKw) r:$ 1. i5 to $ 4.14

( Ew i-HRWRKw) 2 j ( Ew÷HRWRKw).?$ 4.15

Hour. per week

Fig. 2b Estimated relation between 'hours per week and alternative
functional forms of the wage variable
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t\\

Alternatively Constructed Wage Rate Measures

Thus far, the only wage measure we have used is an hourly wage

rate constructed by...dividing weekly earnings by weekly hours (Ew

HRWRK
w
). Three additional wage au. .ures can be constructed from data .

in the SEO: (1) annual earrings dieded by the product of hours per

week and weeks per year (Ey (HRWRK
w
-WKWRK ]), (2) weekly earnings

(E
w
), and (3) annual earnings divided by weeks per year, (Ey = WKWRK ).

The last two variables, of course, are measures of weekly, rather than

hourly, wage rates. All four measures have at on time or another

been used in labor supply studies (see Table 3).

Regression coefficients based on the four wage measures appear

in Table 8. Once again, t4se coefficients are all from regressions

that, except for the wage measure, are identical /to Chose presented in

Tabl, 6. Because of scale differences among the/wage measures, the

wage elasticities are more readily compared than' the wage coefficients

ehemselves.

For three of the four wage rate measures,/ a source of potential

bias results -froth their being constructed by ividirg information on

timeatT...Tork(HRWMCTAT,WWMC,or the product of the two) into an
3' 1

earnings variable (E
w

or Ey). Evidence of the seriousness of this

measurement error bias can be obtained froM Table 8. For example,

in the weeks-per-year regressions, the co rficients for the two wage

measures that contain WKWRK in their denominators tend to be less
y

significant and their elasticities smaller than the two measures that

are not divided by WKWRK .
2

y

/

1
The magnitude of this bias may have been increased because parti-

cipants in the SEO, who raised any questions when asked about their
employment experience during, the week before the survey were told to
give their normal weekly earnings but their actual hours worked.

2
Errors in the WKWRK variable in the SEO may be of two types:

(1) the respondent may hAe incorrectly reported the number of weeks
he worked last year; (2) weeks worked last year were coded in inter-
vals (see footncte 1, p. 54); all persons falling in a given interval
were assigned the same value of WKWRK , even though the actual, number
of weeks worked varied within the intrval.
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/
In the hours-per-week (HRWRK

w
) equations the two h/purly,wage'

.-

measures, vhich use HRWRKw in their denominator, have/negative coef-

ficients, and the two weekly wage rates have positive coefficients.
. ,

However, the relationship between the E
w

and HRWRK is likely to be
,w

positively biased because earnings'the week preceding the survey (E
w
)\

may be high (low) simply because the person worked an atypically

large (small) number of hours that week (HRWRK ).
1

Indeed the coef-
/ w

ficient of E
w

is larger than that of E WKWRK , the other measure
yy

of the weekly wage. The way elasticlEid-s for the annual hours equa-

tion follow the same pattern as those for, the weekly hours eqUation.

Labor Supply and the Components of Net _

As described earlier, the variable that is used in labor supply

studies to measure the income effects is usually built up by aggre-

gating income ot\wealth from disparat' sources, often with one or

more interest rates being used so that sources reported in the data

as stocks can be combined with those reported as flows. It is im-

portant to determine whether there are substantial differences among

1
One can estimate the extent of the, negative bias in using E

w
HRWRK as the wage variable by calculatin)g the hourly elasticity
implied by the coefficients of E . To do this, one must assume that
E is measured accurately and inWependentlx of labor supply. (This
would be the case if all respondents give their usual, rather than
actual, weekly earnings- -see footnote 1, p. 59.) For simplicity,
we use a constant elasticity formulation in the following discussion.

If the true model relates hours per weekl'to the hourly wage rate,
then

Zn(HRWRKw) = bZn(Ew HRWRKw) +

Qn(HRWRK ) -
1+b

ZnE
w
+ = anE

w
+

Since b = c/(1-c), b'can be estimated indirectly frpm:a regres-
sion of HRWRK on E. Because our regressions are in linear form, we
will use elasticities evaluated at the means to compare the direct and

0425
indirectalestimates of b. The indirect estimate of b is .044.
The direct estimate is -0.129. 1-.0425

Note that these two numbers are really estimates of the range
since the coefficient of E

w
that produced c is likely to ,e biased

upward.
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these income and wealth sources in their relations to the labor supply

measures: For if there are, estimates of the income effect will be

sensitive to which sources are incorporated into the income variable

and how these income and wealth components are weighted by interest

rates.

To test for differential effects on labor supply of the compon-

ents of net worth, the sum of all components of net worth is entered

as a variable; in addition, each of the individual components but one

were entered as explanatory variables. In effect all of the compon-

ents except the omitted one are entered twice, once in the total net

worth variable where their coefficients were constrained to be the

same, and once as individual components, where the coefficients are

allowed to vary. The coefficients of separate components measure the

extent to which the effect on labor supply of that component differs

from the effect of the omitted component. If the coefficient is

statistically significant, the labor, supply effects of that component

and the omitted componeni are Significantly different. The total

effect of an included component is the net worth coefficient plus

the component's coefficient.
1

The omitted component of net wc,...h consists of real estate

holdings, stocks and bonds, and money in bank accounts. Each of the

coefficients of separate components of net worth shows how the labor

supply effect of that component 'differs from the labor supply effect

of this omitted component.2 The results are presented in Table 9.

1The advantage ofthis approach is that it yields t-ratios that

can be interpreted directly as tests of differences among components

of net worth; had each component been entered separately, we would

have had to perform a series of tests on pair-wise comparisons for

the same result.

2Note that the differences may occur for several reasons--for

example, interest rates may differ among components (especially between

debt and asset components), or the underlying relationship between

different components and hours worked may differ. Ultimately, this

distinction may be important, but for our purposes, it is necessary

only to establish whether there are differences, regardless of their

source.
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For comparison purposes, the last line of Table 9 gives the net worth

coefficients from Table 6, where only the sum of net worth components

entered the regression (that is, all component effects were constrained

to be identical).

With the exception of the house value component, the various

components of nec worth do not have significantly different effects

on weeks worked per year. However, the absence of apparent differen-

tial effects in this case may be attributable to the lack of variation

in the dependent variable. The estimates for the hours equations in-

dicate that three of the debt components of net worth (debt on own

home; debt on automobiles; and debts to stores, banks, and lending

institutions) may have a more negative effect on hours worked than

the return from household investments. Since debts are in effect a

negative asset and have been entered into the regressions with a

minus sign, persons with large debts are particularly likely to work

long hours. This may reflect the attitudes of lenders toward hard

workers or it may indicate that decisions to incur large debts are

made jointly with decisions to work long hours. In any event, these

results indicate ttiac different components of net worth have quite

different effects on :labor supply and suggest that at least some

components of net worth .Aay be subject to endogenous influences',

REGRESSION RESULTS: IMPUTED VARIABLES

The wage and net worth coefficients presented above are based on

observed wage and net worth measures. However, as suggested'in Sec-

tion II, observed measures may not provide accurate estimates of how

individuals will respond to the income and wage changes caused by the

introduction of an income maintenance program. In Section II we dis-

cussed the major problems in using empirical wage and income measures

and suggeSted that imputed wage and nonemployment income (or assets)

variables can be used to treat many of these problems: In this sec-

tion we compare the performances of observed and imputed wage and net

worth measures in labor supply equations. The equations used to impute

wages and assets are presented and discussed in Appendixes C and E.
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Observed vs. Imputed Wages in the Labor Supply Equation

Observed wage rates may introduce several biases into the esti-

mated labor supply wage relation. (1) If the labor supply measure is

used as a divisor to construct the wage variable, any errors in

measuring labor supply will cause a spurious negative relationship

between the two variables. (2) Other errors in measuring earnings or

wages will cause an errors-in-variables bias toward zero. (3) If wage

rates are endogenous (jointly determined with labor supply), a simul-

taneous equations bias will result; Schultz (forthcoming) hypothesizes

that the effect of this bias is to make the wage coefficient more posi-

tive. (4) Transitory changes in wage rates will cause substitution

effects to be larger and income effects smaller than permanent changes.

(5) Lifetime average (permanent) wage, not current wage, is the theo-

retically correct wage variable. Since some of these biases work in

opposing directions, their net effect is unknown a priori. Imputed

wage rates should help correct the first four of these biases and

give us some idea of their net magnitude. Later, we experience-

adjust imputed wages to attempt to correct for the last bias.

In Table 10 we compare the coefficients of observed and imputed

wages for several different model specific,tions and wage adjustments.

In this table and all of those that follow, the wage variable is the

natural logarithm of the hourly wage rate.
1

In all-Of the equations explaining hours of work (both hours per

week and annual hours), switchin: f bserved to imputed wage rats

increases the magnitude of the wa _tient.
2

The observed-wage

coefficients are always negative; imputed-wage coefficients are

either less negative (lines 1-4) or iositive (lines 5 and 6). Thus

it appeas that the net bias in using the observed wage rate to

explain hours of work is negative.

1
The main reason for using the logarithmic form is that in Table

7 the logarithm of the wage was more significant than the wage entered
linearly for all three measures of labor supply.

2
Hereafter when we refer to wage measures or wage coefficients, we

mean those pertaining to the natural logarithm of the wage.
The compensated substitution effects these wage coefficientfi imply

are discussed in the next subsection.
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In the equation explaining weeks per year, both observed and

imputed wages always have positive coefficients. In lines 1-3 the

imputed wage coefficient is always larger than the corresponding

observed wage coefficient, though in line 5 the imputed wage coef-

ficient is smaller than the observed.

In lines 2 and 3 the cost-of-living-adjusted wages are used (see

Appendixes C and D). Adjusting for cost of living appears to have

little effect on the estimated wage coefficients.

In line 4 we use an "experience-adjusted" wage (LWx). Each

person's imputed wage is adjusted back to what it would be if'he were

just beginning work--that is, his imputed wage is calculated at

experience = O. This adjustment is a crude attempt to purge the wage

of life cycle effects and give a better measure of an individual's

permanent (average lifetime) wage. For

the coefficient of LW
X

is more positive

ficient of L.

Because education is an important

rates,
1
the simple correlation between

and imputed wages is quite high: 0.77.

puted wages (for example, Kalachek and

all three labor supply measures,

than the corresponding coef-

determinant of imputed wage

years of schooling complet
2

Some authors who use im-

Raines, 1970) have omitted

education from the labor supply equation to remove this source of

multicollinearity. When education is excluded (lines 5 and 6)
3

, the

wage coefficients in the hours of work equations become larger,

1
For men, separate equations were estimated for three education

groups; the intercepts vary substantially` for these groups. In
addition, within each group, years of education e,:ert a significant
influence on wage levels.

2
The simple correlation between education and the experience-

adjusted wage alx) is 0.88. The correlation between education and
the observed wage (LW) is 0.46.

3
The education (grades of school completed) coefficients and t-

statistics in the hours equation using LW (line 1) were as follows:
Labor Supply Measure

Type of Wage Measure HRWRK WKWRK 'BRUMKw
Coefficient t-Value Coefficient t-Value

Observed .558 (9.44) 28.48 (9.11)
Imputed .524 (4.01) 25.80 (3.76)
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especially in line 6 where LWx is the wage measure. The observed

wage coefficients in the hours equations are still negative, but are

smaller in absolute magnitude; the imputed wage coefficients become

positive when education is omitted.' This result may partly explain

why the substitution effects Kalachek and Raines (1970) estimated are

the largest of the studies listed in Table 2.

The overall impression Table 10 conveys is that estimates of

wage effects on labor supply are not strongly sensitive to whether an

observed or an imputed wage variable is used, as long as the'labor

supply equation contains education. It appears flat whatever biases

are embodied in the observed wage variable are also reflected by the

imputed wage variable, although possibly to a lesser extent.

Observed, Imputed, and Age-Adjuste.1 Net Worth

In this subsection we concentrate on net worth (assets) as the

variable for measuring income effects. Our intent is not to develop

a theory of asset accumulation but rather to determine whether vari-

ous ways of adjusti#g measures of-net worth affect estimated labor

supply responses. /

We assume that labor supply and net worth measured at any point

in time contain permanent, age-related, and error components (see

pp. 12-13). To estimate the relationships between permanent levels of

net worth, we must purge either observed labor supply or observed

assets, or both, of their age-related components. As with wages, in

order to estimate the "exogenous" component of household net worth,

we must first determine how net worth varies by age. To do this we

have taken a very simple view of the determinants of household net

worth.
2 To allow the effect of age on net worth to vary across wealth

classes, the initial sample (2012 families) was divided into five

1The education coefficient is negative, but insignificant, in the

weeks-per-year equations. When education is omitted, the wage coeffi

cients become smaller (compare line 1 with line 5 and line 4 with line,

6), which is ponsistent with the omitted variables 1.)ias.

2See Appendix E for details: 79
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"lifetime wage" groups; that is, each family was assigned to one of

five wage groups based on-the husband's experience-adjusted imputed

wage (see p.167).

Regressions of observed net worth on a number of factors postu-

lated to determine asset levels were then run across families within

each of these wage categories. The right-hand variables in thesere-

gressiori include personal characteristics such as age and education,

as well as locatiodal variables. In this way, the age path of net

worth within each experience-adjusted wage group could be ascertained.)

In addition, two other factors were entered in the regression--the

total number of children that families had, and a dummy indicating

whether or not they were homeowners.
2

The argument for including

these variables is that, since families may allocate their nonhuman

wealth in many different ways, we must somehow ensure that we do not

systematically exclude any important comp.saent of net worth. Other

things equal, a family with children may have relatively small amountq

of observable net worth because they hold a relatively large portion

of their wealth in the form of children. Unless we take this substi-

tution between -children and net Worth into account, we may systemati-

cally underestimate the amount of real net worth (and thus real wealth)

that large families have.
3

The argument for the home ownership dummy proceeds along slightly

different lines. To the extent that housing equity does represent. a

large fraction of homeowners' net worth and to the extent that housing

1
To allow for nonlinearit1e5, age was entered as a series of

dummies, with eadh household assigned to one of seven (five-ye4r)
age groups (25-29 to 55-59).

2
We recognize that these variables are very likely simultaneously

determined with net worth and therefore that the net worth estimating
equations are probably subject to simultaneous equations bias. For
the sake of this exercise, however, we will assume that children and
home status are exogenously determined.

3 ,

Tne presumption here is that there will in fact be a substitution
between observed net worth and children;* that is, the coefficient on
the children variable in the net worth regression was assumed to be
(and, in fact, is) negative. Set: p. 129.
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equity is a visible and relatively well measured variable, we might

expect that estimates of actual net worth for homeowners would be

more accurate than the estimated net worth of non-homeowners. Put

another way, assuming no systematic differences of wealth or tastes

among renters and homeowners, we would expect homeo ers and renters

with a given set of characteristics to hold approxima ely the same

total amount of financial assets. If our data indicate that this is

not true, one explanation may be that the net worth of renters is

being systematically undermeasured because renters hold some signifi-

cant portion of their net worth in forms not aptured in the SE0 data.

There are, of course, other explanation for the estimation
/

relationships between net worth and both h me status and numbers of

children (see Appendix E). It is useful in the context of this.study

to think of the hypothesis given above a representing one extreme;

for example, all differences in net wo th between homeowners and

renters are attributed to error in measuring renters' net worth. At

the other extreme, given the negative (and significant) coefficient

on the renter dummy, one might speculate that, other things equal,

renters are in fact poorer than homeowners. Under this hypothesis,

renters report less net worth than homeowners because they have less

overall wealth. Support for this hypothesis might be fotind in such

considerations as the difficulty that poor families have in accumu-
x .

lating down payments, obtaining financing, and the like.

Although none of these' arguments stands on well developed concep-

tual grounds, determining whether such factors do affect the estimated

relationship between net worth an the amount of market labor supplied

should help direct future research efforts in this area.

To test the sensitivity of the relationship between labor supply
i

and alternative measures of net worth, each family in our sample was

assigned six different imputed net worth values. The first of these

is an imputed net worth (INW) based on the equation given in Table E-2.

The second measure,..(INWA) takes INW and adjusts it for differences in

'age among individuals, that is, each family is assigned a net worth

that is assumed to be the net worth they would have held when the
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husband was age 25-29 (see Appendix t' for details;. The third vari-

ant (INW
A,C

) adjusts INW
A

for children, setting the number of children

in each household equal to 0 rather t an its actual value. Similarly,

the fourth measure (INW
A,C,R

) takes NW
A,C

and adjusts it for differ-

ences in home status by setting the housing status variable equal to

0 for every individual whether a renter or not. The two remaining

measures are based on an alternative form of the asset imputing

equation, one in which neither housing status nor numbers of chil-

dren is used as an independent variable. The first of these last

two measures (INW2) is the imputed value based on Table E-3; the

second measure,(INW2
A

) is INW2 adjusted for age as d4cribed above.
,

Table 11 presentstwage and net worth coefficients for alternative
-k

combinations of imputed and actual wage rates and imputed, and actual

net worth. For the broadest definition of market work, annual hours,

two facts are evident. First, when the observed wage (LW) is combined

with either observed net worth (10.) or imputed net worth (1NW) the

sign of the net worth coefficient is always positive and always sig-

nificant; however, when the imputed wage replaces the actual wage,

the signs of the coefficients on both the actual and imputed net Worth

variables are always negative, thoug eer significant. Thus th

sign of net worth coefficient is s sitive to Whether wages are

imputed, but not to whether net worth is imputed. Second, in all

cases, imputing net worth increases the absolute size of the coeffi-
6

cient of net worth.

Table 12 presents the effects of different adjustment procedures

for both imputed wage and imputed net worth variables. Concentrating

again on the annual hours results, note first that experience-adjusting

the imiled wage and age-adjusting imputed net worth (second row)

increases the wage coefficient and decreases the net worth coefficient.

In a sense, both of these represent moves in the "right" direction,

that is, toward a more positive wage effect and a more negative income

effect. The most dramatic change is in the imputed net worth ,:oeffi-

cient, which decreases from -1.29 (t = -0.59) to -4.87 (t = -2.06).
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Table 12

ESTIMATED WAGE AND NET WORTH COEFFICIENTS FOR VARIOUS

FORMS OF IMPUTED WAGE AND IMPUTED NET WOR!Ha

Dependent Variable
Form of

b
Imputation

Wage Net Worthc

Coefficient t-Value Coefficient t-Value

Weeks Per Year

ILW/INW 0.'48 (0.778) 0.0190 (2.18)

ILW
X
/INW

A
0 62 (1.69) 0.0229 (2.43)

ILW
X
/INW

A
d

0.0644 (0.432) 0.0206 (2.21)

ILW
X
/1NW

C
0.647 (1.w5) 0.0221 (2.35)

ILW
X
/INW

A , R
0.690 (1.75) 0.477 (0.434)

ILW/INW2 0.418 (0.939) 0.0190 (1.50)

ILW
X
/INW2

A
0.751 (1.90) 0.0271 (1.68)

Hours Per Week

ILW/INW -7.13 (-3.33) -0.0409 (-0.098)

ILW
X
/INW

A
-5.03 (-2.70) -0.114 (-2.5S)

ILW /INW Ad 1.02 (1.42) -0.091 (-2.03)

ILW
X
/INWAC -5.02 (-2.67) -0.0957 (- 2.12).,

ILW /INW
X h,C.R

-5.22 (-2.76) -0.0374 (- 0.439)

ILW/INW2 -8.21 (-3.85) 0.119 (1.96)

ILW
X
/INW2

A
-5.18 (-2.73) -0.0130 (-0.169)

Annual Hours
/

ILW/INW -344.2 (-3.06) -1.29 (-0.59)

ILW
X
IINW

A
-221.5 (-2.24) -4.87 (-2.06)

(tIldx/INVI 58.95 (1.57) -3.80 (-1.62)

ILWX /INWA -219.1 (-222) -3.93 (-1.66)

ILW
X
/INW

A,C,R
-227.4 (-2.29) -1.68 ;4.37X)

ILW/INW2 -397.1 '-3.55)% 6.95 (2.19)

ILW
.)(

/INW2
A

-222.3 (-2.23) 0.576 (0.142)

a
All ot%e. variables as in Table 6.
b

ILW = imputed natural logarithm of wage
ILW

X
= imputed log of wage adjusted for experience

INW = imputed net worth
INW, = imputed net worth adjusted for age

, INW
A,C

= imputed net worth adjusted for age and children

INW
A,C,R

= imputed net worth adjusted fOr age, children, end, renters

INW2 = imputed net worth based on second form of net worth regression (Table E-3)
INW2

A
= imputed net worth based on second form of net worth regression adjusted for age

cNet worth in $1000.
d
Education excluded from right hand uide of equations.
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Thefpotential for seriotis multicollinearity among husband's

imputed wage, imputed net worth, and education is weiPillustrated

by the fact that the correlation between education and husband's

imputed wage.is .77 and between imputed wage and imputed net worth

is .60. As a further indication, the third row in Table 12 gives

the results of regressions on experience-adjuited imputed wage and

age-adjusted net worth but with education left out of the right-hand

variables. The sensitivity of the imputed wage coefficient to this

respecification is dramatic (a change from -221.5 to +58.95); as

discussed above, a specification bias introduced into the labor

supply regression by not including education may account for part

or all of this increase in the imputed wage coefficient.

The next two rows in the table demonstrate the effect on the

imputed net worth coefficient of adjusting INWA for numbers of chil-

dren and then for Liusing status- Both of thesf... adjustments make the

net worth coefficient less negative and reduce its signficance. The

last two lines indicate the sensitivity of the net worth coefficient

to respecification of the net worth imputing equations. Note that

net worth imputation based on a regression that does.not'contain

either children or a rent-homeowner dummy always yields positive net

worth, coefficients, although age-adjusting does significantly reduce

the size of that coefficient,

A final comparison of these results can be obtained by calcula-

ting the compensated wage effects implied by the various imputed wage

and net worth coefficients (Table 13). Since it seems pointless to

"compensate" the wage coefficient in the wrong direction, compensc.oted
N

wage effects were calculated only for annual hours regressions in which

the imputed net worth ,:oefficient was of,the "right" (negative) sign.

Although not all the compensated wage effects have the predicted posi-

tive sign, it should be noted diet the negative cases are based on

regressions in which the imputed net worth coefficients were statisti-

cally insignificant.)

1Some explanation may be necessary for the choice of interest
rates given in Table 13 (1.0 percent awl 5 percent). Some interest

rate must be used to convert the stock net worth into a flow of
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Table 13

COMIENSATED WAGE EFFECTS -- ANNUAL HOURS
a

Specification of
Regression Equation

Interest Rate (r)
10 percent 5 percent

ILW/INW

ILW
X
/INW

A

ILW
X
/INWA7

ILW /I
X

NWAC
ILW /INW

X ACR

-66.3

52.4

106.0

31.0

-24.3

-36.0

167.1

195.5

123.5

15.2

a
Calculated from coefficients in Table 12. Compensated elas-

ticities can be calculated by multiplying these effects by a factor
of .0015 (= W/H).

al
1

Formula: - H a
r 2

where

1
= coefficient of In (wage)

W = mean wage //

H = mean annual hour/s

r = return on net worth

ce
2
= coefficient of net worth.

b
See Table 12 for definitionL

c
Based on regressions with education excluded from right. hams

side.
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Three conclusions can be drawn from the results in Tables 11 and

12. First, imputing measures of husband's wage and net worth does

affect the estimated relationship between these two variables and

labor supplied, but not as substantially as one might have expected

ex ante. Second, a methodology such as the one we have used to rid

:egressions of age influences is extremely sensitive to differences

in specification of the imputing regressions. Third, even though

the results are less than totally convincing, age adjusting in the
-......--,

mann postulated abo';e in general has the desired effect of making

the i%imputed wage coefficient less negative and the imputed asset

coefficient more negative. Additional adjustments for either chil-

dren or renters-non-renters are of dubibus empirical value.

WIFE'S "WAGE" AND HUSBAND'S LABOR SUPPLY

Recent economic models of the family have emphasized that a hus-

band's labor supply may be affected not only by his own wage but by

his wife's wage (or potential wage) as well. If the wife works, her

earnings will have an income effect on her husband's labor supply,

which economic theory predicts to be negative; in addition, her wage

will have a crc- substitution effect on her husband's labor supply

The direction of his effect is uncertain, a priori. Assuming house-

hold activities have three inputs--husband's time, wife's time, and

purchased market goods and serviees--theCrOSs-sUbstitution effect

between husband's labor supply and wife's wage will be positive if

husband's and wife's time at home are net complements, but negative

if the two inputs are net substitutes.
1

When the time inputs are

nonwage-related income since only the latter can be used to complete

compensated wage effects. Since individuals are being comnared at a'

point in time, we want a real (as opposed to nominal) rate of return

on net worth held by the houLeLold. The 5 percent interest rate
probably more closely reflects actual conditions than the 10 percent
interest rate; in any case, the two rates do indicate that the cal-
cule'ians are highly sensitive to this choice

1A formal derivation of these results in the context of the house-

hold production model is given in De Tray (19 3b).
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complements, the income and substitution effects work in opl,'Nq4te

directions and the net effect of a change in a working wife's wage

is ambiguous. In previous work both negative (Smith, 1972) and posi-

tive (Ashenfelter and Heckman, 1971) effects of wife's wage on hus-

band's labor supply have been found.

To this point in our empirical work we have attempted to capture

this effect by including wife's earnings as a right-hand variable, a

procedure used in several previous studies (for example, Greenberg

and Kosters, 1971; and Garfinkel, 1971). As indicated above, this

approach has several serious drawbacks: (1) the hours component of

a wife's earnings is probably jointly determined with her husband's

labor supply; (2) high wife's earnings do not necessarily imply high

wife's wage; and, finally, (3) zero wife's earnings clearly do not

mean the wife's potential wage is zero. In this subsection we explore

the sensitivity of parameter estimates' to t'.e use of alternative

measures of wife's earning capacity.

To make direct comparisons between the effect of wife's earnings

and the effect of wife's observed wage, we first further restrict our

sample to those families in which both husbands and wives work. With

this subsample, which consists of 632 households, we are able to ex-

amine the differential -rfect on the male wage and net worth coeffi-

cients of.using observed female earnings, observed female wage, or

imputed female wage. We then return to our original (2012) sample

for comparisons between wife's observed earningand wife's imputed

wage.

Although a number of authors have imputed wages to working and

nonworking wives using regressi:ns estimated from a sample of working
z

wives (for example, Boskin, 1971; Hall, 1971; Kalachek and\Raines,

1970; and Schultz, forthcoming), this approach is subject to several

ptentially serious problems. For example, the relatively smaller

portion of women who participate in market work at any point in time

increases the possibility of selectivity bias (see pp. 23-24); and,

as we point out in Appendix C, the specification of the wage imputing

equation may be especially poor for women (see p. 122 In order to

make the following comparisons, we will: (1) ignore lens



-78-

,
i

associated with selectivity bias; (2) assume that our wage estimating

equation yields a wage that, when experience-adjusted, does measure

average lifetime market wage; and (3) assume that since most women

work at some point in their life cycle (90 percent in 1960), their

predicted aNderage lifetime wage does measure their value of time at

the margin (see Heckman, 1972, and Gronau, 1971, for other approaches

to this problem).

Turning first to the subsample that contains only working wives

(Table 14), we note that the relationship between wife's earnings and

weeks worked by the husband is positive (t = 1.8), but that the rela-

tionship between wife's earnings and hours worked per week is negativel
rs,

(t = -1.45). Although the female earnings coefficient is not espe-

cially interesting as such, the sign reversal between the weeks-per-

year and hours-per-week components of labor supply is emerging as a

surprisingly persistent and disturbing pattern.

The relationship between wife's observed wage and husband's labor

supply is consistently negative for this sample, but it is never

statistically significant. When wife's observed wage is replaced by

its imputed counterpart, the coefficients are again never significantly

different from zero, but this time taey are consistently positive.

Since none of these coefficients is significant at conventional levels,

comparison is not very meaningful; it appears, however, that using an

imputed rather than an observed wage changes the sign of the estimated

relationship between wife's wage and husband's labor supply from negaL

tive to positive.

One important finding in Table 14 is the insensitivity of the

male wage coefficient to the form in which wife's "wage" is entered

in the regression (see lines 1 and 2 for each labor supply measured.

It appears th:t misspecifyirig the wife's wage variable (by, say, usirg

female earnings as a proxy) has little effect on the estimated male

wage coefficient.
1

`As a final check, we excluded any measure of wif's wage or
earnings from the regression; again, the resulting male wage and net

worth coefficients were virtually unchknged from those estimated from

other specifications. This may, however be a function of tho very

restricted nature of the sample of 632 householdP.
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The net worth coefficient is also relatively stable across the

different wife's wage/earnings variables. An exception occurs in

the annual hours results when the wife's imputed wage is substituted

for her actual wage, but it should be noted, that this comparison is

between two insignificant coefficients.

The results for the full restricted sample (2012) (Table 15) are

similar to those for the 632 sample: the coefficients for husband's

wage and net worth are not affected by the change from wife's earnings

to wife's imputed wage; although significance levels are still low

(t-ratios in the hours equation ranging from 1.04 to 1.54), the wife's

positive imputed wage coefficient implies that an increase in a wife's

wage induces her husband to work more hours in the marketplace.

ALTERNATIVE SAMPLES

So far, our empirical estimates. have been based on a "very re-

stricted sample that excluded as many households presenting special

estimation problems as possible (see Table 5). Although this proce-

dure avoids some problems, it may be the source of others. Moreover,

as indicated by Table 4, the samples vary considerably among labor

supply studies. Many of the observations we have excluded so far

have been included in the sample populations used in some previous

labor supply research, but excluded from others. These differenes

in sample composition may be an important source of-the variation in

the results of these studies.

In this subsection, we report the effect on parameter estimates

of adding_to our "restricted" sample (of 2,012 households) 3,282 of

the 4,213 SE0 hoasefio'ds heeded by white married males, 25 to 54 years

of age, that were initially excluded.
1 A comparison of estimated wage

and net worth coefficients for the restricted and the "unrestricted"

O

1We continue to exclude the 931 households where the head was in
A

the military or an institution, where there was another person over/

18 years old besides the head and bis spouse, or where there were

missing values for key variables such as labor supply, age, or edu-

cation.
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samples is presented in Table 16.
1 Since only imputed measures of net

worth and the husband's wage rate are available for 1,969 members of

the unrestricted sample, Table 16 also reports results for an inter-

mediate sample composed of that subset of households in the unrestric-

ted sample for whom observed measures of these variables cdn be

constructed.

Ignoring for the moment the regression specifications that in-

clude the dummy variables, we note that both the net worth and male

wage coefficients almost always become more positive as the sample

becomes less restrictive. The coefficients of the female earnings

and wage variable, however,' almost always become more negative as

the sample becomes less restrictive. These results are true for all

three labor supply measures and for both the observed and imputed

forms of the wage and net worth variables. In many cases these dif-

ferences are substantial. This is especially clear in a comparison

of the unrestricted sample with either of the other two samples, a

comparison that captures many of the major sampling differences

frequently found between studies that use observed measures of the

wage rate and those that use imputed measures. Male wage and n,

worth coefficients that were positive in regressions computed on the

restricted or int-ermediate samples become larger-and generally more

significant in the regressions using the unrestricted sample; coef-

ficients that were initially negative invariably change signs. Taken

lt face value, these results suggest that substitution effects are

weaker and income effects stronger for those who are included in the

restricted sample than for those who are left out. Before we make

such a conclusion, however, it is important to probe more deeply.

1The number of obserptions included in the unrestricted sample

depends on which measure of labor supply is being used. There are

some persons (the self-employed, for example) for whom the weeks-

per-year variable is available, but the hours-per-week and annual

houis measures are not. And there are others (those who did not work

during the week before the survey interview) for whom both the hours-

per-week and weeks-per-year measures can be constructed, but the anima?

hot.rs variable cannot.
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Some insight into the factors causing these rather striking

changes can be obtained through the use of dummy variables that repre-

sent the reasons certain of the households in the unrestricted sample

were excluded from the restricted sample. Results from regression

runs that include such dummies are reported in Table 16. These

dummies are an attempt to control for specification error that may

otherwise occur when households having the characteristics indicated

by the dummies are admitted to the sample population.
1

For example,

the wage that a disabled person can obtain and the number of hours

he is physically able to work are both likely to be relatively low.

However, it is also possible that the disabled person freely chooses

to work low hours because his market wage is low. The intent of the

disability dummy is to separate these two possibilities. Labor

supply and wage rates are also both likely to be influenced by the

fact that an individual is currently a student; both measures may

contain substantial negative transitory components.
2

The student

dummy should help to take account of this possibility. The purpose

of the business income dummy is to correct for the possibilities that

recipients of business and farm income, many of whom are self-employed,

have systematically different tastes for work than the rest of the

population and that the wage and net worth variables for these persons

are especially subject to systematic measurement error. The wife's

labor supply constraint dummy is included to account for the possi-

bility that if a wife cannot work as many hours as She would like,

1Including the dummy variables in the regressions allows for dif-

ferences in intercept terms between households having the indicated

characteristics and the rest of the sample population, but does not

take account of the possibility that Fhe labor supply responses of

these households to wage and income changes may also differ from the

remaining sample. Investigation of this important topic, which re-

quires sets of interaction terms or computation of sepa-ate regres-

sions for each subgroup, will be conducted in our future research.

2One purpose of using an imputed wage variable is, of course, to

free the wage measure of transitory components. However, one of the

major predictors of most imputed wage rates is education. Since the

completed years of education of a person who is currently a student

is understated, his imputed wage will be lower than his permanent

wage.
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her husband's labor supply will be higher than it otherwise would be.

In almost all cases where the coefficients on the dummy variables

are statistically significant or nearly significant by conventional

standards, the coefficients have the expected sign. Other things

being the same, men who are students or disabled appear to work fewer

hours than other men, while recipients of business income apparently

tend to work greater hours. It was also expected that men whose

wives' labor supplies were constrained would work more hours than

other men, and in most cases this hypothesis is borne out. However,

the weeks-per-year regressions for the unrestricted sample indicate

that men whose wives are unemployed or disabled work almost a week

less per year than other men in the unrestricted sample.

More important for our purposes are the effects on the male wage

and net worth coefficients of adding the dummy variables. With but

one exception, these coefficients become more negative when the

dummies are added to the regressions. (However, the addition of the

dummies always causes the female earnings and female wage coefficients

to become more positive.) In other words, the dummy variables cause

the labor supply parameter estimates for the less restrictive samples

to move toward those for the restricted sample. Generally, however,

the pattern that we found before the dummy variables were added to

the regressions continues to hold: The male wage and net worth coef-

fici( s usually become more positive as the sample becomes less

res ctive.

An explanation for the effect of the dummy variables on the wage

and net worth coefficients is found by examining what happens to the

dependent variables as the sample becomes less restrictive. As we

pointed out earlier, excluding persons from the sample who were

unemployed, disabled, self-employed, and the like greatly reduces

the overall variation in labor supply, especially weeks worked per

year. Adding back such persons should increase variation in the

labor supply measures. That this is indeed the case is indicated by

Table 17, which presents summary statistics for the three samples

used in the regressions reported in Table 16. The presence of the

dummies in the regressions for the less restricted samples tends to
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make the wage and net worth coefficients in these regressions revert

back toward their values in the regressions for the restricted sample

by absorbing much of the additional intergroup variation in the

dependent variable that occurs when the sample is expanded.

One difficulty with interpreting the results in Table 16 is that

although the overall effects of adding previously excluded observa-

tions to the sample is apparent, it is unclear which particular sub-

set of the incremental observations is most responsible for the

observed changes. To observe the effect on parameter estimates of

excluding individuals for only one particular reason, many of the

observations that were excluded from the restricted sample but

admitted to the unrestricted sample were categorized into nine mutually

exclusive groups. For each of these groups, we computed a regression

for the set of observations composed of the restricted sample plus

the group. This procedure allows us to observe the marginal effect

of each group on the parameter estimates. The regressions are

reported in Table 18. Summary statistics for the nine groups are

reported in Table 19. The characteristics of the observations in

the nine marginal groups are:

1. Husband Unemployed. Husband reported that demand
conditions affected the number of hours he could work in
1966 (the year preceding the SEC) survey).

2. Husband Disabled. Husband reported that his
health affected the number of hours he could work in
1966.

3. Student Husband. Husband was a student at the
time of the SEO interview (February 1967) or in 1966.

4. Husband Business Income Recipient. Husband
received income from a business or farm in 1966.

5. Husband Self-employed. Husband was self-employed
at the time of the SEO interview.

6. Inconsistencies. Husband's labor force status in
1966 was "inconsistent" with his status during week before
the SEO interview (for example, part-time work last week
but full-time work last year or a change in employers
between the two time periods).

7. Husband Worked 0 Hours, Positive Weeks. Husband
did not work during the week before the survey interview,
but did work in 1966.
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8. Husband Worked 0 Hours, 0 Weeks. Husband did not
work at all in 1966 and did not work during the week before
the survey interview.'

9. Wife's Labor Supply Constrained. Wife reported
that demand conditions or her health affected the, number
of hours she could work in 1966.

In defining these groups we have attempted to keep them mutually

exclusive and relatively pure in order to isolate those changes in

sample composition that have the greatest effect on the estimated

parameters. For example, a man who was both unemployed and a student

in 1966 was not assigned to any of the nine subgroups. We also warted

to separate those for whom observed wage and net worth variables are

available from those for whom only imputed measures can be obtained.

Since observed wages were not available for persons who did not work

during the weeks preceding the SEO survey, we required that persons

in all but groups 5, 7, and 8 had to have worked during that week.

Thus, person. who were unemployed, disabled, or students and did not

work the week preceding the survey are not included in the first

three groups but do appear in groups 7 and 8. A person who both

received business income in 1916 and was self- employed at the time

of the SEO interview was placed in the self-employed group.

Table 18 indicates that of the nine marginal additions to the

restricted sample the most dramatic changes in the male wage and net

worth coefficients occur with the addition of men who did not work

the week preceding the survey, especially those men who also did not

work at all in 1966. Admission of either nonworkers (that is, zero

hour, zero weeks persons) or zero hour, positive weeks persons to

the sample population generally results in substantially more positive

male wage and net worth coefficients. As expected, these results are

particularly strong in regressions that do not include the dummy

variables. Similar patterns, although not as strong or consistent,

are found for unemployed husbands and disabled husbands: the addition

of these two marginal groups to the sample, when it has much effect at

1
We found no men who did not work at all in 1966, but did work

during the week before the survey interview.
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all, is generally to make the wage and net worth coefficients more

positive.
1

Explanation for these results is found in the fact that persons

who did not work in 1966 or during the week before the survey, or who

reported that they were unemployed or disabled during part of 1966,

have much lower hours than persons in the restricted sample, and they

are also likely to have lower (potential) wages and smaller net worth

(see Table 19). This suggests that persons with low wages and low

net worth, who also work relatively few hours, tend to be systemati-

cally excluded from the sample in labor supply studies, while low

wage, low net worth individuals who wort relatively high hours are

usually included. The consequence of this is illustrated in Figure 3,

where we have plotted the mean imputed wage and mean weeks-per-year

combinations for the restricted sample and for each of the nine mar-

ginal groups. The labor supply curve implied by the estimated rela-

tion between imputed wages and weeks per year for the restricted

sample is also drawn. The points for unemployed husbands; disabled

husbands; husbands with zero hours, positive weeks; and especially

for nonworkers are all well to the left of the estimated labor supply

curve and substantially below the mean-weeks-mean-wage point for the

restricted sample, indicating as we have found that the addition of

these groups to the sample usually results in a more positive esti-

mated relation between imputed wages and weeks per year. Analogous

diagrams that use observe.] wages, or observed or imputed net worth

1
The major exception to this occurs in the weeks-per-year

regressions where including the unemployed subsamples changes the
observed wage coefficient from positive and significant (coefficient =
.339, t = 3.22) to negative and insignificant (coefficient = -.02,
t = -.14). It appears from these results that although the mean
observed wage for the unemployed group is slightly lower than the
corresponding mean for the restricted sample, the relative difference
in observed wages is much less than the relative difference in weeks
worked. We are, therefore, effectively adding back people whose wages
are distributed much the same as the wages of husbands in our restricted
sample, but whose weeks worked are much lower on the average than weeks
worked for the 2012 sample; the net effect apparently is a zero statis-
tical relationship between observed wages and weeks worked.
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on the vertical axis, or hours-per-week or annual hours on the hori-

zontal axis have similal! implications.

The results presented in this subsection have several important

implications for labor supply studies. For example, a rather per-

sistent difference between previous labor s lies that have

used observed wage measures and those that nay, used imputed wage

measures is that the wage effects found in the latter tend to be

more positive than those found in the former. In fact, not infre-

quently a negative relation is found between labor supply and observed

wages, and a positive relation is found between labor supply and

imputed wages. Our findings indicate that when observed wage coeffi-

cients and imputed wage coefficients are computed for the same

sample, the coefficient of the imputed is usually relatively more

positive (see Tables 16 and 18).1 This difference, however, is

apparently accentuated by the differences in sample composition

between studies using observed wages and those using imputed wages.

In particular, persons who did not work during the period over which

wages are observed must usuialy be left out of sample in the former

type of study but can be included in the latter type of study.

Since the addition of such persons to the sample tends to have a

positive effect on the male wage coefficient, much of the difference

between the two types of studies can probably be traced to differ-

ences in sample composition.

The findings reported above also emphasize the importance in

estimating labor supply functions of appropriately treating unemployed

and disabled persons, for these persons make up most of the subgroups

with zero hours and zero weeks, and zero hours and positive weeks.
2

1The difference between the observed and imputed wage coeffi-
cients is usually larger when the marginal groups are included in
the sample than when they are excluded. The difference is especially

great in the hours regressions for the sample that includes the

inconsistencies group, indicating the presence of substantial measure-
ment error in the observed wage variable for this group.

2For example, 77 percent of the zero hours, zero weeks subgroup

reported that they were disabled in 1966, and some 30 percent of the

zero hours, positive weeks subgroup reported that they were unemployed
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It is unclear, however, whether the estimated regression coefficients

more closely reflect reality when the unemployed and disabled are

included in the sample or when they are excluded.

The appropriateness of leaving unemployed persons out of the

sample depends on the extent to which reported unemployment is truly

involuntary and represents a disequilibrium position. That consider-

able voluntarism may be involved is suggested by Cain and Watts

(1973, pp. 348-349):

For adult males in particular, the employment
decisions are to some extent restricted to working full-
time--that is, roughly 40 hours a week .ae year round- -
or to not working at all. However, over the course of
a year it is likely that some flexibility is achieved
by means of time between jobs or in absenteeism or time
on layoffs or other forms of unemployment. Perhaps one
manifestation of a positive substitution effect between
'labor and supply' and the potential wage rate is an
inverse relation between these modes of not working and
the wage rate. All such modes are likely to be reported
as 'unemployment' by adult males in answer to survey
questions.

The larger the voluntary component in reported unemployment, the

greater will be the biases introduced by excluding the unemployed from

the sample population. The researcher's predicament is, of course,

that among those who report unemployment there is no way to distinguish

between voluntary and involuntary unemployment. One approach to this

problem is to attempt to place boundaries around the true labor supply

parameters under the alternative assumptions that all reported unem-

ployment is involuntary and that all of it is voluntary. The esti-

mates could be computed for alternative samples that exclude and

include those who report unemployment; or using a slightly different

approach, labor supply could be alternatively measured as time

part of 1966. Although we did not compute the number, most of the
individuals in the zero hour, positive weeks subgroup probably gave
unemployment as the reason they were not working in rebruary 1967
when the SE0 interview took place.

110



-100--

actually worked and as time worked plus time unymployed.
1

Our find-

ings imply, however, that the resulting boundaries may be too broad

to be very useful for drawing conclusions for policy purposes.

The disabled could remain within the sample population without

problem if the effect of disability on hours of work operated entirely

through the wage rate. However, the disabled may have different labor

supply response parameters as well. Moreover, because of minimum wage

laws and institutional rigidities a disabled person may not be able to

work as many hours as he would like at his market wage. Although

these problems can to some extent be controlled through independent

variables that indicate the existence of a disability, it is tempting

to play safe by excluding these persons from the sample population.

As with the unemployed, the difficulty in this is that if to an

important extent the low hours of the disabled represent a voluntary

reaction to low wages, the omission of the disabled from the sample

may result in an understatement of hours responsiveness to wage

changes. Thus, it is unclear whether accurately estimating the lower

part of the labor supply function is best accomplished by including

or excluding the disabled from the sample.

The relative sensitivity of the results to adding individuals

with zero hours per week or zero weeks per year to the sample may

also indicate the importance of using an appropriate regression tech-

nique. Ordinary least squares, the regression technique we use, is

inappropriate for bounded dependent variables. This problem is likely

to be especially severe for the weeks worked per year regressions,

since weeks worked has effective lower and upper bounds (0 weeks and

52 weeks). Although it was beyond the scope of our study to do so,

future research should test the sensitivity of results to alternative

regression techniques.
2

1
We computed several (unreported) regressions where the dependent

variable was constructed by combining weeks worked with measured weeks

of unemployment. The results imply that this procedure is very nearly

equivalent to leaving the unemployed out of the sample population.

2Probit seems like a particularly appropriate technique, since

it was designed to treat dependent variables that are bounded on both

sides.
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IV. SUMMARY AND CONCLUSIONS

In this report we have explored the sensitivity of labor supply

parameter estimates to alternative ways of estimating wage and income

effects and to changes in sample composition. This sensitivity analy-

sis has enabled us to isolate some of the factors that strongly affect

estimated labor supply paramters. These findings are summarized below.

Our analysis using only observed measures of wages and net worth

mainly confirms what past labor supply studies have indicated:

o A negative bias is introduced into the wage coefficient when

the dependent variable (or some part thereof) is used as a

divisor to calculate the wage measure;

o There is some weak evidence of curvilinearity in the relation-

ship between labor supply and wages, but only at very high

and very low wage rates;

o OF served net worth and the amount of time individuals work are

positively, not negatively, related; the size and significance

of this relationship varies substantially among the different

components of net worth.

It is sometimes argued that imputed measures of wages and assets

overcome many of the shortcomings and biases that may be present in

observed measures; our experiment' with imputed wages and an imputed

measure of net worth for the restricted sample led us to conclude that:

o The coefficient of the imputed male wage is always more posi-

tive than that of the observed wage. In the equations explain-

ing hours worked, this result is consistent with the negative

bias expected for observed wages. However, as long as the

hours equations include male education as an explanatory va

aole, the sign of the imputed wage coefficient is

negative and only slightly smaller in ab

the coefficient of the obsery

112
wage.

always

solute magnitude than
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o The size and sign of the imputed wage coefficients in equations

explaining hours of work are extremely sensitive to whether

male education is included as an explanatory variable in the

labor supply equation.

o Adjusting wage rates by cost-of-living indexes has almost no

effect on estimated wage parameters.

o In equations explaining hours of work, the sign of the net worth

coefficient (for both imputed and actual measures of net worth)

depends on whether the male wage variable is observed or imputed

but not on whether net worth is observed or imputed. When

observed male wage is used in the regression, the sign of the

net worth coefficient is usually positive; but when imputed

male wage is entered in the regression, the net worth coeffi-

cient is usually negative.

o Adjusting imputed wages and imputed net worth for experience

or age in general changes the coefficients in the "right" di-

rection--that is, in a positive direction for the imputed wage

coefficient and in a negative direction for the imputed net

worth coefficients.

o Changing the specification of the net worth imputing regression

can affect the sign of the net worth coefficient in the labor

supply regression; when children and home status are left out

of the net wor,a imputing regression, the relationship between

imputed net worth and labor supplied changes from negative to

positive.

o The relationships between labor supply and imputed wages and

net worth are often of opposite signs for the two components

of labor supply--weeks worked per year and hours worked per

week.

In our explorai:ion of the effect of wives' earning capacity on

husbands' labor supply, we found that:

o Neither the husband's wage nor the net worth coefficients are

sensitive to whether wife's earnings, wife's observed wage, or
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wife's imputed wage is entered in the labor supply regression

or even to whether a "wife's" variable is entirely omitted

from the regression.

In our tests concerning the effect of sample composition on esti-

mated male wage and net worth parameters, we found that:

o Both the net worth and male wage coefficients become more posi-

tive as the sample becomes less restricted.

o The most dramatic positive changes in the male wage and net

worth coefficients occur when men who did not work the week

before the survey (especially those who did not work at all

in 1966) are added to the sample.

o When dummies representing the reason for initial exclusion

(for example, disability and student dummies) are included in

the regression equation, there is less difference between pa-

rameter estimates for the restricted and those for the unre-

stricted samples, but the wage and net worth coefficients still

become more positive as the sample becomes less restricted.

o The differences between studies that use observed wages and

those that use imputed wages are due to differences in sample

composition as well as to using observed or imputed wages per

se. Our results indicate that when observed and imputed wage

coefficients are computed for the same sample, the imputed are

usually more positive than the observed. This difference is

accentuated because studies that use observed wages must re-

strict their samples to those who report wages, whereas stud-

ies that impute wages tend to be less restrictive in defining

their samples, often including nonworkers.

Our analysis thus indicates that major differences in estimated

wage and income effects can often be attributed to one of three fac-

tors: (1) the measure of labor supply used, (2) the broadness of the

sample used, especially the inclusion of individuals with zero values

for the dependent variable, and (3) for those studies that used imputed
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wages, the inclusion or exclusion of education in the labor supply

regression. The resolution of the differences we have reported is

beyond the scope of this study, but our findings should be useful

guides for future theoretical and empirical research in these areas.

We recommend that this type of sensitivity analysis be extended to

analyze the effects on labor supply parameters of using different es-

timation techniques--especially those appropriate for bounded depen-

dent variables--and different data sets, especially longitudinal files,

since these files should permit better control for life cycle effects.
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Appendix A

PROOF OF EQUIVALENCY OF ALTERNATIVE METHODS FOR REMOVING

AGE-RELATED EFFECTS FROM LABOR SUPPLY REGRESSIONS

Let the true labor supply model be

H = aw +u (A.1)

where h is observed permanent hours worked and w is permanent

market wage, and u is the random error term.
1

The true wage coefficient, a, can be estimated as

a
w H

a = P P
aw w

p p

where a.. is the covariance between i and j.

Current hours and wages (Ht and wt) each consist of a permanent

component, an age-related component, and a random error term. That is,

Ht = Hp + Bt + c
H

w
t
=w + yt c

where t is age. Eri and ,-..

w
are error terms, and the age-related compon-

ent is assumed to be a linear function of age.

By assumption, permanent levels of hours and wages are uncorre-

lated with age (t). Consider the following four alternative estimat-

ing equations:

Ht = blwp + clt + ul (A.2)

1
For simplicity, hours worked are assumed to be a function only

of market wages; income affects are ignored, but similar proof would
hold if income were included in eq. (A.1).
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Ht = b2wp + u2

Ht = b3wt + c3t + u3

Ht = b4wt + u4

where ul, u2, u3, u4 are random error terms.

The wage coefficient from eq. (A.2) can be derived as follows:

'iol. awpwp awpt -1 awpHt

i.

^ a
cl wpt

a
tt 1 [atH

=

but
a
w t = 0 by definition, so
P

a
tt

a
w H ow Hpt= ptb=

1 a a a
tt w w w w

P P P P

The covariance between permanent wages and hours at age t can be

written as

Since

a
w H = w' (H + St + c

H
)

pt PP
= a + f30. + a

wpcliw H w
p
t

p p

a = a = 0
wp t wpCH

a
w H

b
1

=
q
II = 0,

W W

ill P P



Similarly, for eq. (A.3)

For eq. (A.4),

SO

But

Similarly,

and

b3

A

C3 ..I
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aw
11.

aw
H ..A

b .-2-= = --2-2- a .
2 a a

w w w w
P P P P

-1

[welt t
wt Ht

vtwt
a
tt tHt

a a - a aat wt w
t
t at Ht

1.;

3
tt

- a
tw

t

a
tw

t

t t
= (w+ yt + e

w
)'(H

p
+ Ot + e

H
)

=o
w $Yatt

at Ht
= Oa

tt

2=
Wwt wt w
P P

-r tt
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att
(a
w H + 5Vatt) 5Vattatt

i;

P P

3 a
tt (ow w + y2c

tt
) Yha

tt
att

=

ow H
PP

a
w w
P P

However, for eq. (A.5),

P P

a
w H

...

t tb=
4

a
w H

+ 13ya
tt

_ P P
# &

ow w
.4. y2u

tt
P P

Therefore, for the estimated wage coefficient to be an unbiased esti-

mate of the true wage coefficient, either wages must be measured at

their permanent level or age must be included in the regression.
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Appendix B

UNCOMPENSATED AND COMPENSATED WAGE EFFECTS

In Table B-1 we present simple linear labor supply models using

each of the four income variables discussed in the text (p. 27).

The last two columns in the table give the uncompensated and compen-

sated wage effects for each model.

With the first and '2cond income measures, the uncompensated own

wage effect is estimated directly and is constant if a linear model

specification is used. In these models the compensated wage effect

varies with the number of hours worked. If the labor supply curve

is backward bending, the compensated wage effect becomes smaller as

the wage rate increases; if the curve is upward sloping, the compen-

sated effect becomes greater as the wage rate increases. The differ-

ence between models 1 and 2 is in the way one estimates the effect of

a change in the wife's wage rate on her husband's labor supply. In

model 1 both husband's and wife's uncompensated wage effects are

estimated directly (al and In In model 2 it is the compensated

wife's wage effect that is estimated directly (ap. A more commonly

used form of model 2 is one in which cross-substitution effects

between wife's wage and husband's labor supply are ruled out by

assumption (Cohen, Rea, and Lerman, 1970, for example). When that

is the case, wife's wage is not entered as a separate independent

variable, and changes in wife's wage are assumed to affect husband's

labor supply only through income effects. In model 3 both husband's

and wife's compensated wage effects are estimated directly. In the

full income approach (model 4) neither the compensated nor the uncom-

pensated wage effect is estimated directly. 1

1
Hall (1973), who used a full- income variable, incorrectly

interpreted a';' as the compensated wage effect. In effect, he

adjusted the uncompensated effect by subtracting rather than

a3' Lh, which results in a compensated effect that is too small if

Lh < T, too large if T is defined such that Lh > T.
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Table B-1

UNCOMPENSATED AND ComPlic'%TED WAGE EFFECTS CORRESPONDING

TO DIFFERENT INCOME VARIABLES

Income
Variable

(Y) Model

1 Nonwage
Lh ce0 "1W " Wh 2 w

income

+a
3
Y
n

2 Other Lh = a' + a'W
h 2
+ a'w

0 l w
family

income
+ a3(14

w
L
w

+ Y
n

)

3 Total Lh = a" + a"
l
W
h 2
+ a"W

0 w
family
income + a3 (WhLh 1WwLw +Yn )

4 Family Lh = + apih + oTWw
full
income + a"(W

h
T + wwT + Yn)

3

Own (Husband's)

Uncompensated
Wage Effect

aLh

,)1,4

h

a
1

a
1

a + a"3 L
1 h

-'" a'"T+
3

Own (Husband's)
Compensated
Wage Effect

aLhc aLh
h

aw
h

aWh ay

al - a3Lh

al - aLh

con 0,111N

3 h

Subscripts h = husband's
w = wife's

Variables L = labor supply
W = wage rate

Y
n
= nonwage income

T = total time available
= L. + Ni, where N = time spent in nonmarket activities.
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Appendix C

WAGE EQUATIONS1

Following the human capital tradition,
2

the dependent variable

in our wage equations is the natural logarithm of the hourly wage rate

[1n(E
w

1:. HRWRK
w
)].

3
Three different wage ueasures serve as dependent

variables for each sex-schooling group: (1) LW = ln[Ew :- HRWRKw], the

natural logarithm of the hourly wage; (2) LWL = ln[(Ew .... HRWRKw) :- PL],

the natural logarithm of the hourly wage adjusted for cost of living,

using a Department of Labor cost-of-living index (PL); and (3) LW, =

ln[(E
w

:- HRWRK
w

) -; P
I
]

'

the natural logarithm of the houAy wage

adjusted by Watts' Iso-Prop cost-of-living index (PI).
4

The explanatory variables in the wage equations have been divided

-into two categories: (1) personal characteristics of the individual

that (are hypothesized to) affect his market productivity and hence

his wage, and (2) geographic attributes of his residence that char-

acterize the labor market in which he works and, in the case of the

1
In specifying the wage equation we drew from yet unpublished

work by T. Paul Schultz.
2
For example, Mincer (1972).

3
The explanatory power (R

2
s) of equations explaining absolute

changes in wages (i.e., equations explaining [Ew :- HRWRKw], [(E
w

i.

HRWRK ) i- P
L

]
'

[(E
w

i- HRWRK
w
) ÷ P

I
]) were considerably lower than the

n w
R s of equations explaining the logarithms of wages.

4
There is no ideal cost-of-living index. The theoretical and

practical problems in constructing price indexes are well documented.
Because of these difficulties we have tried two different indexes
based on two different approaches to constructing price indexes. Both
of these indexes are supposed to correct for urban/rural price level
differences and differences among the four Census regions. The con-
structions of r' :se two indexes are discussed in Appendix D.

By adjusting for cost of living before estimation, on' can net
out the cost-of-living effects of the explanatory variable and assess
their effect, if any, on real wage levels. By comparing the coeffi-
cients of the explanatory variables in the equations predicting LW to
those in the equations predicting LWL and LW

I'
one can decompose the

effects of these variables into real and cost-of-living components.
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equation explaining LW, geographic differences in the cost of living.

The explanatory variables are defined in Table C-5.

Cables C-1 through C present wage equations estimated for the

restricted sample of men discussed on p. 44.
1

We have divided this

sample into three schooling groups--those with 0-8, 9-12, and 13+

years of schooling--and have estimated separate equations for each

group. F-tests of coefficient homogeneity rejected the null hypothe-

sis that the vectors of coefficients are the same for each schooling

group.
2 The wage equations for women (reported in Table C-4) are

estimated for a sample composed c' the working wives (those reporting

wages) of the men in the restricted sample. We haye included dummies

for the 9-12 and 13+ groups to allow intercepts to vary for the school-

ing subgroups and have included separate years of schooling variables

for each of the three groups to allow for slope differences by school-

ing group. The other coefficients did not differ significantly among

education groups for women.

COEFFICIENTS OF PERSONAL CHARACTERISTICS

The signs and magnitudes of the coefficients of the personal

characteristics variables are usually in accord with our a priori

expectations. For each education group of men and for the sample

of women, additional years of education increase wage rates. The

years -of- schooling coefficients are significant at the 5-percent

level for men but are not significant for women. In addition, for

1Actually the sample used to estimate the wage equations con-
sisted of 1933 men; 79 men were omitted by mistake--those residing
in households where either the husband or wife worked part time

because they were going to school or keeping house. We reestimated
the wage equations including these 79 men and found that the coeffi

cients barely differed from t!,se reported here.

2Even when we pooled the schooling groups and included dummies
for the 9-12 and 13+ groups to allow for intercept differences by

schooling groups and included separate years of schooling variables

for each group to allow for slope differences by schooling group,
at the 5-percent significance level the F-test rejected the null

hypothesis that the other (non-schooling) coefficients were the

same for each schooling group.
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Table C-5

DEFINITIONS OF VARIABLES IN TABLES C-1 - C-4

Dependent Variables

LW = in[Ew HRWRKw]

LWL = in[(E
w

HRWRK
w

)
PL]

LW, = in[(Ew HRWRKw) f PI]

Explanatory Variables

Personal characteristics

Education

Natural logarithm of the hourly wage
(defined as ea:nings the week preceding
the SEO survey divided by the number of
hours in that week).

The natural logarithm of a cost-of-
living-adjusted wage -- the hourly wage
deflated by PL, a Department of Labor

Cost of Living index. (The construction
of P

L
is discussed in Appendix D.)

The natural logarithm of another cost-
of-living-adjusted wage. Now the hourly
wage is deflated by PI, Watts' Iso-Prop

Index. (The construction of P
I

is dis-

cussed in Appendix D.)

Years of schooling 0-8: For those with 0-8 years of schooling,
the number of years of schooling completed. In the
equation estimated for women, where the schooling groups
are pooled, this variable equals 0 if the woman has com-
pleted more than 8 years of schooling.

Dummy for 9-12 group (only in female wage equation): A dummy
variable that equals 1 if the woman has completed 9-12
years of schooling (and no more), 0 otherwise. The
inclusion of this variable allows the intercept to be
different for the 9-12 group than for the 0-8 group.

Years of high school: For those with no more than 9-12 years of
schooling, the number of years of (four-year) high school
they have completed. The variable = 1 if the person has
completed 9 years of schooling, 2 if he has completed
10 years, 3 if he has completed 11 years, 4 if he has
completed 12 years, and 0 if he has completed no more
than 0-8 years or if he has completed 13 or more years
of schooling.
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High school graduation: For persons who have completed 9-12 years
of schooling, a dummy that equals 1 if they completed the
12th year, 0 otherwise. In the equation estimated for
females, where education groups are pooled, this variable

for those who have completed 13 or more years of

schooling.

Dummy for 13+ group (only in female wage equation): A dummy that

equals 1 if the woman has completed 13 or more years of
schooling, 0 otherwise. The inclusion of this variable
allows the intercept to be different for the 13+ group
than for the other two schooling groups.

Years of college: The number of years of college (both under-
graduate and graduate studies) the person has completed
(8 maximum).

College graduation: A dummy that equals 1 if the person has com-
pleted 4 years of college, 0 otherwise (since the SEO
does not specify whether or not the person graduated
from college, we may be assigning a 1 to some persons
who finished 4 or more years but did not graduate, or
vice versa).

Experience: Current age less the age at which the person is assumed
to have started working, which is defined as follows:

Years of schooling

completed

Age at which person
is assumed to have

started workinga

0-4 10

5-7 14

8 16

9-11 18

12 20

13-15 23

16 26

17+ 28

Experience
2

: The square of experience. This variable is included
to allow the relationship between the wage and experience

to be nonlinear.

Disability: A dummy that equals 1 if the persons said that their health
affects the amount or kind of work they can do, 0 otherwise.

Geographic characteristics

Small SMSA
Medium SMSA
Poor city
Suburb
Town

See Table 6.
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Farm: A dummy that equals 1 if the person resides in a farm household
(defined in 1967 SE0 Codebook, p. 20), 0 otherwise.

Rural 1
Poor rural South
Rest of South See Table 6.
North Central

)
West

a
These ages of school leaving were estimated by Hanoch (1969); Mincer

(1972) and Schultz (forthcoming) also use Hanoch's school-leaving ages
to compute their experience variables.
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both men and women, wages increase substantially as one moves from

the lowest education group to the highest; that is, for men the

intercepts become larger as we consider more educated groups, and for

women the group dummies are positive and increase with education.

For both men and women the coefficient of the high school graduation

dummy is never statistically significant, but the coefficient of the

college graduation dummy is always significantly greater than zero.

Experience is postulated to exert a positive but diminishing

effect on percentage change in wage rate (Mincer, 1972). Therefore,

in addition to experience, we include experience squared to allow

for this nonlinearity. In the equations estimated for men these two

variables always have the expected positive and negative signs,

respectively, and both are generally quite significant. Because

formal schooling and on-the-job trainin are thought to be comple-

mentary, we expected experience to have a greater effect on wage

increase for more educated groups than for less educated. However,

Fig. C-1, which illustrates how the nt,tural logarithm of the wage

varies with experience for each of the three schooling groups of men,

shows that this is not the case here. The curve is steepest for the

least educated group (0-8 years of schooling). For this group the

wage of persons with peak earnings is nearly 60 percent higher

than that of persons just beginning to work; the comparable figures

for the 9-12 and 13+ schooling groups are 33 percent and 34 percent.

This unexpected pattern may be because the experience variable is

ricking up cohort, as well as life cycle, effects. Ideally we would

like to know the relationship between aages and experience (or age)

over a person's life cycle. However, because our data do not follow

a single group of individuals over time, we must infer this relation-

ship by observing people of different ages at a point in time.
1

1
For example, we infer what a man currently 20 years old will

earn when he is 45 on the basis of what mer with similar character-

istics who are currently 45 earn now. But men currently 20 years old
who have not gone beyond eighth grade may be less intelligent and
capable on average than men who are currently 45 years old and have

had no more than eight years of schooling. Eight years of schooling

is much less now than eight years of schooling was 20-30 years ago.
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For women, experience and experience Nuared often do not have

the hypothesized signs, but the coefficients are usually not signifi-

cantly different from zero. However, as indicated in Table C-5,

experience is measured here as approximate number of years since

finishing school, rather than number of years of actual work experi-

ence. For women these two may be quite different. Unfortunately,

the latter is not available in the SEO data.
1

The coefficient of the disability dummy is expected to be nega-

tive, because when the range of jobs a person can hold is restricted,

the range of wage rates may be restricted also. This expectation is

borne out for the 0-8 and 9-12 schooling groups of men and for women.

For men, disability becomes less of a negative influence on wage rates

as education increases.

COEFFICIENTS OF GEOGRAPHIC VARIABLES
2

All of the geographic variables are dummies indicating whether

or not a person lives in a certain type of area. Since the classifi-

cations are not mutually exclusive, an individual may fall into several

categories simultaneously. For example, if a person lives in the North

Central Region in an SMSA with population 50,000 that is classified as

a poverty area, the variables Medium SMSA, Poor city, and North Central

will all have a value of 1; all other geographic dummies will equal O.

Most of the geographic variables perform about as expected in the

equations explaining LW. However, the magnitudes and often the signifi-

cance of the coefficients of the geographic variables are sometimes

1Preliminary explorations with the Parnes data, which do give
actual years of work experience, showed that women's actual experience
performs much better than the computed experience measure used here,

that is, the coefficients of actual experience and actual experience

squared had the expected signs and were statistically significant.
2
The farm variable has been omitted from the wage equation esti-

mated for women. There were only two farm women in the sample of 632

women. When the farm variable was included it had a coefficient of

+.691. This led us to conclude that the two farm women in the sample

are very high-wage women and probably not representative of farm women

as a whole. We felt it would be incorrect to impute higher wages to

all farm women on the basis of this result.
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quite sensitive to whether or not the wage has been adjusted for cost

of living. This is especially true for the coefficients of variables

indicating ruralness or region of residence--farm, rural, poor rural

South, rest of South, North Central, and West. This is not unexpected,

for the cost-of-living indexes we use are supposed to correct for cost-

of-living differences between rural and urban areas and among Census

regions. For example, adjusting for cost-of-living decreases the

negative effect on wages of living in a rural area. However, in some

cases adjusting for cost of living appears to "overcorrect." For

instance, for the 0-8 and 9-12 groups the coefficient of the "rest of

South" variable in the equation explaining LW is around -.01, indicat-

ing that, other things the same, nominal wages for persons living in

the part of the South that is not "poor rural" tend to be 1 percent

lower than the wages of the group for which all of the geographic

dummies equal 0;
1
but when adjusted by cost-of-living index PL, wages

in the "rest of South" are about 9 percent higher than in the area

for which all geographic dummies equal 0 for the 0-12 schooling group

(15 percent higher fJr the 13+ group), and when adjusted by PI, real

wages are 32 percent higher (35 percent for the 13+ group) in the rest

of the South than in the areas for which all dummies equal 0. This

last difference seems exceptionally large and may simply indicate the

unreliability of this index.

1
Non-poverLy areas in central cities in SMSAs with population

greater than 750,000 in the North East Census region.

1.34
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Appendix D

CONSTRUCTION OF THE COST OF LIVING INDEXES

USED TO DEFLATE WAGE RATES

DEPARTMENT OF LABOR COST-OF-LIVING INDEX (PL)

The Department of Labor (1969) has published 1967 cost-of-living

indexes for 24 regional and income groups: all combinations of the

four Census regions, metropolitan and non-metropolitan areas, and

three family income groups (annual family income less than $7000,

between $7000 and $11,000, and over $11,000). Census region of

residence is denoted in the SEO data. We have defined "metropolitan"

areas to be SMSAs and "non-metropolitan" areas to be non-SMSAs.

Because the published indexes are based on family income for a family

of four persons, we have adjusted family income for family size by

deflating by Watts' family size index (described below) to determine

which of the three family income groups the family belongs in. 1 For

households that did not report their head's wage, family income was

set equal to the household's total earnings plus other income. For

the remaining households, the head's reported annual earnings were

replaced by annual earnings calculated as the product of his hourly

wage (E
w
:- HRWRK ) and his annual hours (HRWRKw

WKWRK ). This was
w' y

done so that the family income used to determine the appropriate

cost-of-living index would be consistent with the wage rate the index

is used to deflate (Ew :- HRWRKw).

WATTS' ISO-PROP COST-OF-LIVING INDEX (PI)

Harold Watts (1967) has proposed a cost-of-living index derived

from Engel curves. The basic premise underlying his approach is that

families that spend, on average, an equal fraction of their income on

"necessities" (food, housing, clothing, and transportation) are

1We have normalized the family size index to equal 1.00 for a

family of four.
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equally poor. The index is derived from the coefficients of a

double-log linear regression of expenditures for necessities on the

following variables: income before taxes, family size, dummies for

the Census regions, an urban-rural dummy, age of household head, and

a homeowner dummy.

Grouped data from the 1960 Survey of Consumer Expenditures were

used. The regression coefficients (Watts, 1967, Table 1, line 1,

p. 11) yield separate indexes for regions, for urban and rural areas,

and for family size. (Age and Lhe homeowner dummy were included in

the regression only as controls for these factors; their coefficients

are not used in constructing the index.) For each hoi,:ehold the

appropriate indexes for region, urban and rural, and family size are

multiplied together to create the Iso-Prop index for that household.

The indexes are then normalized so that their geometric average is

one.

Limitations of this approach, at present, are: -(1) the regres-

sion form used implies constant elasticities of expenditure with

respect to income, family size, and age,
1
and (2) the effects on

cost-of-living of region, rural and urban, and family size are

assumed to be independent of one another. For example, rural cost

of living is 83 percent of urban regardless of the region of resi-

dence and regardless of family size.

1
Watts is aware of this problem. He tests the accuracy of this

assumption regarding constant income elasticity and rejects the
hypothesis that the income elasticity is constant across all income
groups.
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Appendix E

NET WORTH EQUATIONS

The net worth imputing equations and age, children, and home

status adjusting factors were derived in the following manner: First,

each household in the base sample (2012) was assired to one of six

sub-groups based on the experience-adjusted imputed wage of the hus-

band. These groups were: <$2.00, 2.00-2.24, 2.25-2A9, 2.50-2.74,

2.75-2.99, and .?:3.00. Within each of these groups it was assumed

that the only factors that systematically affected observed net worth

were geographic factors, education, home status, number of children,

and the age of the head of the household. In other words, dividing

the sample by the "exogenous" experience-adjusted wage was ass,med

to have the effect of removing the intra-group variation in wealth

(and net worth) attributable to all other factors except those used

in the imputing regressions.

Table E-1 presents summary statistics for selected variables for

each of these six subsamples. Although the ranges are quite narrow,

each wage group contains approximately the same number of households,

because both imputation and the experience adjusting process consider-

ably narrow the range of the wage variable.
1

The summary statistics indicate that in general these samples

behave as one might expect. All variables related to wealth or ro-

ductivity (actual wage, husband's and wife's education, and actual

net worth) rise monotonically as the experience-adjusted imputed wage

rises. The mean age and the mean values of the six age dummies indi-

nate that although there is some indication of cohort effects (the

less than $2.00 group is slightly older on the average than the

other groups), in general differences in age distributions between

the groups are not large.

1The extent of this "narrnwing" is well illustrated in Table E-1

and by the fact that although only 411 individuals had an experience-

adjusted imputed wage greater than $3.00, 1308 individuals had an

actual reported wage greater than $3.25.
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The results of this regression analysis of net worth are given

in Tables E-2 and E-3. Table E-2 presents results for the full set

of "independent" variables--that is, 10 regional variables, education

of husband and wife, home status, number of children (entered as the

square root of actual number of children to allow for economies of

scale), and five of the six age dummies (the omitted group being

ages 25-29). In the results presented in Table E-3, home status and

children were excluded from the net worth equation.

One problem encountered in estimating these regressions was that

although the overall sample size for each group was reasonably large

(the smallest being 175) certain of the dummy categories had very few

people in them. When the number of people in a given category falls

below 15 or 20, a single observation can and often does dominate the

size and sign of tae estimated coefficient. In essence, including

these explanatory variables would sometimes have meant assigning to

all those in a given category the characteristics of one person. To

avoid this, variables were dropped as the cell size became so small

that coefficients were highly sensitive to the values of individual

observations.

A similar problem arose with the six age group dummies; however,

in this case, small cells could not be excluded. To avoid contami-

nating the estimated net worth for all individuals in an age group

that contained a small number of observations and a significant out-

lier, those families with actual assets more than three standard

deviations from the mean for each wage group were excluded from the

sample.
1

The imputation process itself is straightforward. Each family

in the sample is assigned six imputed net worth values, four based on

the regressions presented in Table E-2 and two on the regressions

1This resulted in the exclusion from the sample of one low
(-$129,000) and 36 high net worth families. Means and standard

deviations were calculated for each group from the full sample; the

means and standard deviations given in the table are, of course, cal-

culated excluding the rejected outliers. The range of actual net

worth values is still very large even given this restriction.
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presented in Table E-3. The adjustment process consists of setting

the relevant variable equal to 0 for each family in the sample regard-

less of that variable's actual value. For example, to age-adjust

imputed net worth, all five age dummies are set equal to 0. This is

equivalent to subtracting from the ilitial imputed net worth value

that proportion estimated to be due to age alone. A similar procedure

was used to adjust the age-adjusted imputed asset figures for numbers

of children and then for differences between renters and nonrenters.

Summary statistics on the results of these imputations and adjustments

are given in Table E-4.
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Table E-4

SUMMARY STATISTICS: IMPUTED NET WORTH

Variable
a

Mean
Standard

Deviation Maximum Minimum

NW 10,788 19,003 308,000 -129,470

INW 9,477b 6,597 35,890 -5,754

INW
A

5,445 4,718 21,565 -7,799

INW
A C

7,759 4,605 21,565 -1,750

IAA C R
9,915 2,927 21,565 -950

INW2 9,619 5,715 33,444 -3,987

INW2A
4,476 3,204 16,754 -7,151

a
Variable definitions are:

NW: Net worth
INW: Imputed net worth

Subscript A: Age adjusted

Subscript C: Children adjusted

Subscript R: Adjusted for renters

INW2: Imputed net worth based on second form of imputing

equation (Table E-3).

bActual and imputed means differ because they are based on differ-

ent samples; actual measure includes the outliers that were excluded

from the imputing samples.
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